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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF NEBRASKA 



U.S. oi strict' COURT 
:l3l!nR!Cl OF Kf.bRASKA 

CS JU" 29 T-Yi U- 1 2 
OFFICE OF THE GLERK 



STRECK, INC., 

a Nebraska corporation, 

Plaintiff, 



RESEARCH & DIAGNOSTIC SYSTEMS, 
INC., a Minnesota corporation; and 
TECHNE CORPORATION, a Minnesota 
corporation, 

Defendants, 



Case No. 



JURY TRIAL DEMANDED 



COMPLAINT FOR PATENT TNFRINGEMENT 

NOW COMES Plaintiff, Streck, Inc. ("Streck"), through its attorneys, and for its 
Complaint for Patent Infringement states as follows: 

JIIRTSniCTION AND VENUE 

1. This is an action for patent infringement arising under the Patent Laws of the 
United States, Title 35, United States Code § 1 et seq. Subject matter jurisdiction is proper under 
28 U.S.C. §§ 1331 and 1338. 

2. Venue is proper in this Court under 28 U.S.C. §§ 1391(b), (c), and 1400(b). 

PARTIES 

3. Streck is a corporation organized under the laws of Nebraska, having a place of 
business at 7002 South 109th Street, La Vista, NE 68128. 

4. On information and belief, Defendant Research & Diagnostic Systems, Inc., 
("R&D") is a corporation organized under the laws of Minnesota, having a principal place of 
business at 614 McKinley Place N.E., Minneapolis, MN 5541 3. 
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5. On information and belief, Defendant Techne Corporation ("Techne") and is a 
corporation organized under the laws of Minnesota having a principal place of business at 614 
McKinley Place N.E., Minneapolis, MN 55413. 

BACKGROUND 

6. Plaintiff Streck is a leader in the development of hematology control products. 
Hematology controls are used to assist in the calibration, operation and accumulation of quality 
control data for automated blood cell counting instruments. More particularly, controls are 
utilized to determine whether the parameters measured by these instruments (such as red blood 
cell count, white blood cell count, and platelet count) are reliable. Over a number of years, 
hematology instruments have improved, allowing more types of blood components to be 
analyzed in a single instrument. Improvements in hematology controls have mirrored instrument 
improvements, with many of today's control products containing particles corresponding to one 
or more of the following blood components: red blood cells, white blood cell, nucleated red 
blood cells, platelets, and reticulocytes. Hematology controls containing a number of different 
blood components are sometimes referred to in the industry as "complete" or "integrated" 
controls. Streck makes and sells integrated hematology controls for use in a variety of 
hematology instruments. 

7. Recognizing the value of Streck's hematology control technology, Defendants 
have made, used, sold, and offered for sale integrated hematology control products (e.g., the 
"CBC-XE" and the "CBC-4K Plus Retics" hematology controls) in this judicial district in 
violation of Streck's patent rights. 
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CAUSES OF ACTION FOR PATENT INFRINGEMENT 

8. On March 13, 2001 United States Patent No. 6,200,500 B1 (the '500 patent), 
entitled "Hematology Control and System for Multi-Parameter Hematology Measurements", was 
duly and legally issued to Streck. A copy of said patent is attached as Exhibit A. 

9. On April 24, 2001 , 1 993, United States Patent No. 6,22 1 ,668 B 1 (the '668 patent), 
entitled "Hematology Control and System for Multi-Parameter Hematology Measurements", was 
duly and legally issued to Streck. A copy of said patent is attached as Exhibit B. 

10. On June 4, 2002, United States Patent No, 6,399,388 Bl (the 4 388 patent), entitled 
"Hematology Control and System for Multi-Parameter Hematology Measurements", was duly 
and legally issued to Streck.- A copy of said patent is attached as Exhibit C. * 

1 1 . Streck is the sole and lawful owner of the aforementioned patents of Exhibits A-C 
by assignment from the inventors). 

12. Streck has placed the required statutory notice on all control products it 
manufactures or sells under the '500, '688 and/or '388 patents. 

13. Defendants do not have any license or other right to practice the claims of the 
'500, '668, and '388 patents. 
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COUNT I 

14. Streck hereby incorporates by reference paragraphs 1-13 as if fully set forth 

herein. 

15. On information and belief, Defendants have infringed and continue to infringe 
one or more claims of the '500 patent by at least making, using, selling, and offering for sale 
certain integrated hematology control products (e.g., the "CBC-XE" and the "CBC-4K Plus 
Retics" hematology controls), and will continue to do so unless enjoined by this Court. 

16. Upon information and belief, Defendants have infringed one or more of the 
claims of the '500 patent by at least inducing others and contributing to infringement by others. 

— 17; Defendants' acts of infringement of the '500 patent, upon information, and belief, 
have been carried out in deliberate and willful disregard of Streck' s patent rights. 

COUNT II 

18. Streck hereby incorporates by reference paragraphs 1-13 as if fully set forth 

herein. 

19. On information and belief, Defendants have infringed and continue to infringe 
one or more claims of the '668 patent by at least making, using, selling, and offering for sale 
certain integrated hematology control products (e.g., the "CBC-XE" and the "CBC-4K Plus 
Retics" hematology controls), and will continue to do so unless enjoined by this Court. 

20. Upon information and belief, Defendants have infringed one or more of the 
claims of the '668 patent by at least inducing others and contributing to the infringement by 
others. 

21. Defendants' acts of infringement of the '668 patent, upon information and belief, 
have been carried out in deliberate and willful disregard of Streck' s patent rights. 
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COUNT III 

22. Streck hereby incorporates by reference paragraphs 1-13 as if fully set forth 

herein. 

23. On information and belief, Defendants have infringed and continue to infringe 
one or more claims of the '388 patent by at least making, using, selling, and offering for sale 
certain integrated hematology control products (e.g., the "CBC-XE" and the "CBC-4K Plus 
Retics" hematology controls), and will continue to do so unless enjoined by this Court. 

24. Upon information and belief, Defendants have infringed one or more of the 
claims of the '388 patent by at least inducing others and contributing to infringement by others. 

25. -Defendants' acts of infringement of the '388 patent,- upon information and belief, ; * 
have been carried out in deliberate and willful disregard of Streck's patent rights. 

PRAYER FOR RELIEF 
Wherefore, Streck respectfully requests this Court: 

a. enter judgment for Streck that Defendants have infringed Streck' s '500, '668, and 
'388 patents by acts constituting direct, inducing and/or contributory infringement. 

b. enter a preliminary and permanent injunction to enjoin Defendants and those in 
privity with, or acting in concert with, Defendants from further infringement of the patents-in- 
suit during the remainder of the terms for which the patents have been granted; 

c. award Streck compensatory and exemplary damages, not less than a reasonable 
royalty, resulting from Defendants' infringement, including allowance of multiplied damages 
based on Defendants' willful and deliberate infringement; 

d. award to Streck interest, costs, and attorneys' fees; and 

e. award such other and further relief as this Court shall deem just and proper. 
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JURY DEMAND 



Pursuant to Rule 38(b), Fed. R. Civ. P., Streck .hereby demands a trial by jury of all issues 



so triable, and requests that the trial be held in Omaha, Nebraska. 



Respectfully submitted 




June 29, 2006 



Email: ShifTemiiirer@FraserStryker.com 
FRASER, STRYKER, MEUSEY, 

OLSON, BOYER& BLOCH, P.C. 
409 South 17th Street 
Omaha, NE 68102-2663 
Telephone: (402)341-6000 
Facsimile: (402)241-8290 

Floyd R. Nation 

Email: NationF@howrey.com 
Melinda L. Patterson 

Email: PattersonM@howrey.com 
Merritt D. Westcott 

Email: WestcottM@howrey.com 
HOWREY LLP 
1111 Louisiana, 25 th Floor 
Houston, TX 77002 
Telephone: (713)787-1400 
Facsimile: (713)787-1440 

Attorneys for Plaintiff Streck, Inc. 
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ABSTRACT 



Hematology control compositions and systems used to mea- 
sure a plurality of parameters in a blood sample are pro- 
vided. The hematology control compositions are particularly 
useful as a control for multi-parameter, automated instru- 
ment systems. The control compositions comprise a reticu- 
locyte component, a while blood cell component, a red 
blood cell component, a nucleated red blood cell component, 
a platelet component and a reticulated platelet component. 
Methods of making and using the control compositions arc 
also provided. 

32 Claims, No Drawings 
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HEMATOLOGY CONTROL AND SYSTEM 
FOR MU in -PARAMETER HEMATOLOGY 
MEASUREMENTS 

FIELD OF THE INVENTION 

The present invention relates generally lo hematology 
control compositions and systems and, more particularly, to 
a hematology control composition and system used to mea- 
sure a plurality of parameters in a sample of blood with a 
multi-parameter automated hematology instrument. 

BACKGROUND OF THE INVENTION 

Hematology controls for various automated instruments 
that measure, for example, red and white blood cell counts 
and platelet counts are known in the art and are described 
in the following U.S. Pat. Nos.: 3.558^22; 3,873,467; 
4,179,398; 4,219,440; 4,299,726; 4,324,687; 4,358,394; and 
4,436,821 (incorporated by reference herein). Currently, 
blood analysis requires the use of one or more of several 
different instruments and, subsequently, different blood 
samples and blood sample preparations to analyze the vari- 
ous components of blood. Several hematology instruments, 
however, now have the capability of measuring various 
parameters of blood without requiring separate sample 
preparation fbr each parameter being tested. Such instru- 
ments include the Bcckman Coulter STKS or fien-S 
Systems, the Abbott Cell-Dyn 4000 Hematology System, 
Bayer AD VIA 120, and the Sysmex XE2100 System. These 
improved automated instruments can measure one or more 
of: 1) reticulocytes, 2) red blood cells, 3) nucleated red blood 
cells, 4) platelets, S) reticulated platelets, 6) white blood 
cells, including lymphocytes, monocytes, neutrophils, 
eosinophils, basophils, and 7) white blood cells with all 
phenotypes. It would thus be desirable to provide a hema- 
tology control composition that could be used as a control in 
connection with these instruments. 

In the preferred embodiment, a hematology control com- 
position for use with a multi-parameter automated hematol- 
ogy instrument includes a liquid suspension of particulates 
that has characteristics like whole blood. The control com- 
position includes one or more bbod cell components (i.e. 
components bandied or treated to simulate such a compo- 
nent as found in whole blood), or their analogs, that may or 
may not be fixed, stabilized, or prepared by other treatment 
prior to final suspension. In different embodiments, the 
blood cell components or analog materials may be derived 
from a source that will exhibit the size, shape or other 
characteristics of human, animal, or other whole blood. By 
way of examples, U.S. Pal. Nos. 4,198,206; 4,436,821; 
5,008,021; 5,262327; 5,270,208; 5,432,089; 5,672,474; and 
5,731,205, which are each hereby incorporated by reference, 
each contain examples of these types of blood cell compo- 
nents or analogs. The control has one or more blood com- 
ponent or analog to resemble corresponding components in 
whole blood when measured by the multi -parameter auto- 
mated hematology instrument. When so measured, the con- 
trol composition would assist in the calibration, operation, 
and accumulation of quality assurance data for the multi- 
parameter automated hematology instrument. 

SUMMARY OF THE INVENTION 

A hematology control and system for multi-parameter 
hematology measurement is provided. The hematology con- 
trol provides values for the various components of blood that 
the multi-parameter hematology instrument is capable of 
measuring. The hematology control composition comprises 



K),500 Bl 
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components for simulating reticulocyte, white blood cell, 
red blood cell nucleated red blood cell, platelet or reticu- 
lated platelet constituents of whole blood. 
Methods of making and using the hematology control 
5 composition of the present invention are also provided 
herein. 

The system of the present invention includes a hematol- 
ogy instrument, a control, and may further include output or 
readout devices. In one embodiment the system includes 
10 other peripheral devices, such as a device for tracking 
samples and associating them with particular data, such as a 
bar-code scanner system. 

DETAILED DESCRIPTION OF THE 
35 PREFERRED EMBODIMENTS 

The hematology control composition of the present inven- 
tion comprises components for simulating one or more of 
(he following constituents of whole blood: reticulocytes, 
white blood cells, red blood cells, nucleated red blood cells, 

20 platelets, or reticulated platelets. In one embodiment the 
components are suspended in an isotonic medium. The 
hematology control composition of the present invention 
provides values for various constituents of blood that a 
hematology instrument, such as a multi -parameter hematol- 

25 ogy instrument, is capable of measuring. Examples of multi- 
parameter hematology instruments include those available 
commercially without limitation, under ibe designations 
Beckman Coulter STKS or Gen-S Systems, the Abbott 
Cell-Dyn 4000 Hematology System, Bayer AD VIA 120 

" System, the Sysmex XE2100 System, or the like. 

In one embodiment of the present invention, the reticu- 
locyte component of the control composition comprises 
reticulocytes (that is, immature anucleate red blood cells 

, 5 containing some ribonucleic acid) or an analog thereof. For 
the present invention, the reticulocyte component is pre- 
pared in any suitable manner. By way of example, see U.S. 
Pal. No, 5,432,089, incorporated by reference. Among pos- 
sible embodiments, Ibe reticulocyte component may com- 

^ prise true mammalian reticulocytes prepared for instance by 
mammalian (e.g. human) red blood cell encapsulation or by 
isolation from whole blood. 

The while blood cell component of the hematology con- 
trol composition comprises a blood cell (e.g. white blood 

45 cell) or analog thereof, selected from the group consisting of 
white blood cells for various cellular types, white blood cells 
for all phenotypes, and mixtures thereof. Among the pos- 
sible embodiments, the white blood cell component may 
comprise white blood cells that are fixed with a suitable 

50 agent; preferably wilb an aldehyde; and more preferably 
glularaldchydc, with glular aldehyde and formaldehyde, or 
with 20% NuoSept L45. U.S. Pat. Nos. 5,270,208 and 
5,262,327, incorporated herein by reference, provide 
examples of a suitable white blood cell component. Of 

55 course, the skilled artisan will appreciate that the subject 
invention is not limited to white blood cell components 
prepared from only white blood cells. Analogs prepared 
from any of a variety of other sources are possible, including 
but not limited to red blood cells from birds, reptiles, 
mammals, etc. 

The red blood cell component comprises red blood cells 
or an analog thereof. Among other possible methods of 
preparation, the red bbod cells may be washed free of all 
other cellular material, such as by using a magnesium 

65 gluconate diluent. 

When employed, the nucleated red blood cell component 
of the control composition of the present invention com- 
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prises nucleated red blood cells or an analog thereof, such as 
avian red blood cells, e.g., lurkey or chicken red blood cells. 

In another embodiment of the present invention, the 
hematology control composition additionally provides a 
platelet component, preferably a simulated platelet compo- 
nent. Among other possible types, the platelet component 
may comprise stabilized human platelets or platelets simu- 
lated from goal, bovine or porcine blood cells. In one 
embodiment, they are prepared from red blood cells. See, 
U.S. Pat. Nos. 4,160,644 and 4,1983)6. incorporated herein 
by reference, disclose ao example of a suitable platelet 
reference control and methods of preparation. The skilled 
artisan will appreciate a number of other techniques for 
preparing simulated platelets. 

In another embodiment of the present invention, the 
control composition comprises a reticulated platelet com- 
ponent. To illustrate, without limitation, goal red blood cells 
with encapsulated nucleic acids would constitute one 
example of a reticulated platelet component useful for the 
present invention. 

The components of the control preferably are suspended 
in a suitable suspension medium that permits the control to 
be processed through the automated instrument. By way of 
example, among the possible embodiments of the present 
invention, the isotonic suspension medium may comprise a 
magnesium gluconate/ethylene diamine tetiaacetic acid 
(EDTA)/pbospaie buffer with nucleated red blood cells; the 
same buffer with the additives HDL, sulfasalazine and alpha 
tocopherol; or the same buffer with 3% albumin. 

The present invention further relates to a method of using 
the hematology control composition as set forth above in the 
analysis of whole blood. In addition, the present invention 
relates to a method of making a hematology control com- 
position for use with mulli-parameter systems, comprising 
the step of mixing one or more of a reticulocyte (retic) 
component, a white blood cell component, a red blood cell 
component, a nucleated red blood cell component, a platelet 
component, and a reticulated platelet component in an 
isotonic suspension medium. 

It will be appreciated that the term "control composition" 
as used herein means one or more blood components and 
includes naturally occurring blood components as well as 
analogs thereof, which when combined or used alone, suf- 
ficiently simulate the relevant characteristics of whole blood 
for which the instrument tests. The following examples 
address the preparation of various of the constituent com- 
ponents. The control of the present invention contemplates 
an admixture of two or more of the components. 

SPECIFIC EXAMPLE 1 

The following example describes the preparation of a 
preferred control composition of the present invention. 

Stock volumes of the constituent components are pre- 
pared in the following approximate concentrations: 



RBC: 


6.0 x ltftvcm* 


WBC: 


150,000/mn^ 


Platelets: 


10 x lf/Vram' 


Retics: 


50% of 53 x J0/mm 5 red court 


iSTRBC: 


0.5 x lOVrnm 3 



To prepare the final control composition, for example, in a 
5 liter volume, stock volumes of the constituent components 
are combined as follows: 



l,5(M) Bl 

4 



5 



10 





Approximate 
Tfaiget Count 


Approximate . 
Volume Stock 


RBC: 


43 « 10*/[noi s 


3,750 ml 


WBC: 


8.0 x lOVmrn* 


266 ml 


Pit (plate leu) 


225 x 10^/mfti' 


112 ml 


Relic (%) 


3% 


370 ml 


NRBC 


0.01% 


AS ml 



The combined constituents are brought to a final total 
volume of 5 liters by adding final diluent including 
SUPHKTKATE, prepared according to U.S. Pat. No, 5,262, 
15 327, incorporated herein. The skilled artisan will appreciate 
that there arc other means and procedures to prepare this and 
other embodiments of the present invention. 

SPECIFIC EXAMPLE 2 

M The following example describes the preparation of a 
preferred while blood cell component of the present inven- 
tion. 

In a preferred embodiment of the present invention, the 
white blood cells for cellular types comprise one or more of 

22 lymphocytes, monocytes, neutrophils, eosinophils and baso- 
phils. When preparing the white blood cell component for 
the control composition of the present invention, the cells 
arc obtained by standard separation from whole blood or 
from portion of previously fractionated whole blood con- 

30 taining the desired cell population. The cells are 
resuspended, for instance, in a phosphate buffered solution 
containing polyethylene glycol 20,000 (PEG), EDTA and 
magnesium gluconate with 2% bovine serum albumin. The 
osmolarity of this solution is preferably sufficient to swell 

35 the white blood cells prior to fixation (e.g. about 215 mosm). 
The cells may then be stored in this solution, e.g. at about 6° 
C for 1 hour. 

The cells are fixed in a suitable media in order preferably 
to denature the surface or otherwise accomplish preserving 

40 the cell morphology. To illustrate, in one embodiment, in a 
solution of distilled water containing 5 g/1 sorbitol, 7.4% 
formaldehyde and 0.125% glutaraldchydc. Of course, other 
suitable fixing agents may be used in suitable amounts. In a 
highly preferred embodiment, the white blood cells and the 

45 fix solution are maintained at a temperature sufficient to 
provide a proper white blood cell position (e.g. between 
about 4° C. and 12° C). The fixative is added to the cells at 
a suitable ratio. For example, in one embodiment, a ratio of 
between 10 ml of cell suspension to 24 ml of fix solution is 

50 used. The distilled water in the fix solution swells the white 
blood cells further, while the fixative stabilizes the cell 
membrane. The cells are thus left in the fixative for 2 days 
at room temperature. 
After fixation, the cells preferably are washed. In one 

55 aspect, they are washed in a phosphate buffered solution. 
One such solution contains PEG, EDTA, magnesium glu- 
conate and bovine scrum albumin. Lipoprotein concentrate 
is added at 150 mg/dl HDL to stoic the cells prior to use in 
order to improve the stability of the scattergram position 

60 while the white blood cells are waiting to be added to the 
other components of the control composition. 

White blood cells prepared as described in U.S. Pat. No. 
5,459,073 (incorporated herein by reference) for flow 
cytometry may be employed for phenol yping. By mixing the 

6S two types of white cells, both requirements can he met, i.e., 
white blood cells for various cellular types and phenotypes, 
as the cells prepared for pbenotyping generally should not 
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interfere with Ibe position of other white blood cells on the equal to at least 10% of the white blood cell count in order 
histograras/scattergrams. For additional processing (o produce NRBC flags on the Coulter STKS or the Cell- 
guidelines, see also U.S. Pal. Nos. 5,270,208, and 5 ,262,327, Dyne 4000 manufactured by Abbott Laboratories. Though 
incorporated by reference herein. Of course analogs may be the present example contemplates the use of turkey cells, 
prepared from suitable red cells as the skilled artisan would 5 cells from other cell sources may be employed as the skilled 
appreciate. artisan will appreciate. 

SPECIFIC EXAMPLE 3 SPECIFIC EXAMPLE 5 

The foUowing example describes the preparation of a Thc foUowing cxamplc dcscribcs thc prcparat i on of a 

preferred red blood cell component of the present invention, to simuJatcd pUtelct ^po^ of ^ prescm invention. 

In general, concentrated red blood cells arc provided Goat ^ bl(X)d ^ arc tcd from otbcr consrilucnts 

separated torn associated supernatant and concentrated of ^ Mood F<Jr 1QSlaQCCf ^ arc washcd into PBS 

human red blood cell packs are s^enc^ m a solut^n (e^g ^ {iwc& tQ ^ ^ and ^ cq]]& Thc 

phosphate buffered solution containing PEG (MW-20,000)) conccntratioD is adjustcd to gx ioW> and fixed with a 

and allowed to settle overnight. IDe supernatant is then " vohjmeofPBS 

equal to the cells that contaio 0.224-0.320% 

removed and 0.5% NaCl with PEG is added in an equal ^ ut3raldehvdt> iding ^ anjount ot prolectkm needed 

volume to the packed red blood cells and allowed to set at Saltowprope, lysis during the shrinkage step. The cells are 

room temperature for 4-5 hours. Tne supernatant is again fl( ^ c [q[ m ^ ind oeauif ^ Bd lt 120 o 

removed and the cells are resuspended in the Nad solution ^ for 15 miDutes ^ is removed and the 

and stored at 6 C. overnight. The packs are further checked * ^j, vo , ume fc adjjJ5ted to one . fourlh of fixed v,,,^. 

for excessive hemolysis and removed from the inventory. . 

Thc remaining packs are pooled into batches based on the An ammonium chloride solution is added to the cells to 

(MCV'S), wherein twelve to fourteen packs are combined to e ^al the original volume of fixed cells. Iht ammonium 

make a batch. The batches are again resuspended in the NaCl <* lond f crcatcs u ^les in the membrane to allow 

sohition for about « hours at room temperature. Of course, * hemoglobin to exit to .the cells while the glutaraldebyde 

other limes and temperatures may be employed protects fromtotal lysis J^e cells are monitored for he mo- - 

ri _,... i i • . u u.i-trj globm loss based on (MP V) decreases on the H-l. When the 

Each batch is resuspended into a phosphate buffered * ?y k m ^ * ' ^ m ^ 

solution containing PbO, tUlA aiid magnesmrn gluconate^ ^ hj|c ^ ^ an<J „ 1800 RpM 

The celts are allowed to settle, the supernatant is removed !• • , . - , „„ , «. 

. . , . r . . ... ... .-*o tor 20 minutes, lne supernal ant is removed and the cells a re 

and the cells arc resuspended in thc itawB. soluhon w, h wasbe<j (emove ,£ ^ temoglobm and ^ the 

lower PEG concentrations for storage up to 90 days a. 6' C. mcmlwMC imund ^ fc^^,, * producc tn MPV of 

One diluent efficient in stabilizing the red blood cells on , pproxuria , e |y iofl on impedance instruments, such as the 

the Coulter STKS includes a phosphate buffered solution s+ ,y mumfjeured by Beckman Coulter. 

sssJ^s^^J&ji » j D Tr p ^ ed r b ^' ,o T enlf r e ;ira of 

...... . u i • a. .u i- a • • hemoglobin and shrinkage of the membrane, thc cells are 

antioxidant to prevent hemolysis when the hpoprolein is £ . f - . ... A ^Iol u . , j 

aA , , _ „ *1 . . „ rttwi ^-;^ rt f th „ ™ MI JT;™«i.™ fixed morc ^an oncc » for instance, with 0.04% ghitaralde- 

aaded to the control composition or the present invention. L . ■ . * ! u . u <r -i . • i*#u 

t-u *i i -in . i « . • ■ i) • . hyde in a volume of phosphate buffered solution equal to the 

The final diluent also contains 2% bovine serum albumin to , ^, i, ino , , « mi*.. 

.u r*i_ t * li j ii aiv ii cell volume at a count of lxl 0°/mm3. The cells are left at 

improve the positionof the white blood cells. After the cells in . „ . , . . , . 

u u u i • . at.- j-i . * • ■ t-*a-*. r 40 foom temperature overnight and then washed. Though the 

have been washed into this diluent, trypsin inhibitor from . , , , , lU f „ ., 

soybeans is added at 0X16% to the total volume of red blood " an ^ lc co ""= m P la ^ lhe use f B oal ^.f 1 * 

cells to give added stability to the MCV'S. ?° m 0,h " " u «f h s mjy be employed such as stabilized 

„„ , ..... . human platelets) as the skilled artisan will appreciate, 

While thc RSA in the diluent improves thc white blood 

cell position on the scattergrairu lipoprotein is also prefer- 45 SPECIFIC EXAMPLE 6 
ably used to provide a scattergram that represents whole 

blood. See U.S. Pat. Nos. 5,270,208 and 5,262,327 incor- The following example describes the preparation of a 

porated by reference. A lipoprotein source consisting of reticulated platelet component of the present invention, 

mostly HDL is added at about 100-175 mg/dl to the control Preferably, reticulated platelets for the control cornposi- 

composition and a-Tocopherol is further added to the lipo- 50 tion of the present invention arc prepared by washing goat 

protein source to reduce peroxides produced by the oxida- red blood cells into 0.9% NaCl and concentrated to 70-80% 

tion of the lipoproteins. If thc lipoprotein source is added to HCT. Equal volumes of concentrated red blood cells and 4% 

thc red blood cells without an antioxidant such as sulfasala- RNA solution (20 mis of each) adjusted to 300 mosm with 

zine or a -Tocopherol, the peroxides may cause hemolysis of KC1 are mixed together and dialyzed against 500 mis of a 

thc red blood cells in thc present control composition. 55 hypotonic solution containing glycerol (osm-9O-100) for 90 

minutes at 6° C. Dialysis is required to slowly change the 
Dsmolarity without damaging the cells. The resulting osmo- 



SPEC1PJC EXAMPLE 4 



The following example describes the preparation of a larity change in the red blood cell solution is from about 300 

nucleated red blood cell component of the present invention. mosm to about 150 mosm. This process creates holes in Ihc 

Turkey red blood cells are washed into a phosphate «) cell membrane to allow the RNA in the red blood cell 

buffered solution and set to a count of about Ixl06/mm3. solution tn enter thc red blood cells. 

The cells arc fixed with a phosphate solution (volume equal The osmolality is brought back to isotonicily by dialyzing 

to the cell volume)+0.4% v/v glutaraldebyde, at room tem- the red blood cells containing RNA against an isotonic 

peraturc for one day and then washed into a phosphate solution. This dialysis is at room temperature for 30 minutes 

buffer, 65 and the final osmolality of thc cells is about 260 mosm. This 

The fixed turkey red blood cells are added to the control process reseals the holes that were created by the hypotonic 

composition of thc present invention to yield a cell count dialysis, thus trapping the RNA inside the cells. 
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Eighty milliliters of the reselling diluent containing 0.1% The foregoing discussion discloses and describes merely 

Nuosept 101 is added to the encapsulated red blood cells and exemplary embodiments of the preseot invention. One 

the mixture is heated at 37° C. for 3 hours. This heating step skilled in the art will readily recognize from such discussion 

helps to lyse the weakened cells from the encapsulation amJ ff0m tbc accompanying drawings and claims, that 

process and anneals the membranes of the encapsulated red 5 various changeSi modifications and variations can be made 

blood cells. therein without departing from the spirit and scope of the 

SPECIFIC EXAMPLE 7 invention as defined in the following claims. 

Hie following example describes a method using the All paleaU and other publications cited herein are 

control composition to determine the accuracy and repro- io expressly incorporated by reference, 

ducibility of the operation of a multi-parameter automated . 

hematology instrument. By way of example, a multi- 031 K clauncd IS - 

parameier 'automated hematology instrument, such as a *■ A hematology control composition comprising: 

Beckmao Coulter STKS or Gen-S Systems, the Abbott a \ a reticulocyte component; 

Cell-Dyn 4000 Hematology Svstcm, Bayer ADV1A 120, and 15 

the Sysmex XE2100 System, is provided, optionally with a b > a whllc blood wU cora P ODenl; 

slide preparation module. The claimed control composition c) a red blood cell component; 

is obtained or prepared which includes, by way of example, a nucleated red blood cell component; 

a treated stabilized human red blood cell component and a 8 fcl ^ ^ 

reticulocyte component with quality control values m an 20 ' r r ... 

appropriate range, for example, 1.0%, 2.5%, and 9.0%, 0 a reticulated platelet component, mixed in an isotonic 

respectively. It is refrigerated prior to use. Al in the begin- suspension medium. 

ning of testing, the control composition is allowed lo warm 2. The control composition . of claim 1, wherein the 

to room temperature for about fifteen minutes, mixed reticulocyte component comprises reticulocytes or an analog 
manually, and checked for resuspertsion of contents. _ _25 thereof. 

The control composition is prepared and analyzed by the 3- control composition of claim 2, wherein the 

same standard method as test samples which may be tested reticulocyte component comprises reticulocytes prepared by 

in batch quantities by the use of a suitable cassette having human red blood cell encapsulation, 

apertures for receiving test vials. After preparation, the 4. The control composition of claim 2, wherein the 

control composition and test samples are analyzed by count- 30 reticulocyte component comprises reticulocytes prepared by 

ing the population number of each subject component type isolation from whole blood. 

with a multi-parameter automated hematology instrument, 5. The control composition of claim 1, wherein tbe while 

which will yield a visual display of the data. blood cell component comprises a member selected from the 

For a Coulter System, tbe automated test instrument may group consisting of white blood cells for cellular types, 

employ technology known generally as VCS Technology (as 35 while blood cells for all phenotypes and mixtures thereof, 

marketed by Beckman Coulter). VCS generally analyzes 6. The control composition of claim 5, wherein the white 

cell samples in view of simultaneous volume conductivity blood cell component comprises a member selected from the 

and Scatter measurements. Ordinarily, a starting sample is g 0up consisting of white blood cells that are stabilized with 

employed in combination with suitable reagents (which may ghitaraldehvdc; with glutarakbhydc and formaldehyde; or 

comprise a component of a kit) and physical agitation for 20% NiioSept 145 

lysing and cell measuring by way of flow cytometry. ? m ^0^^ of claim 5, wherein the while 

Accordingly, the sample may be tested by the Coulter Wood for ovular types comprise; 

Principle of (DC) Impedance lo measure tbe cell volume in . . . 

an isotonic suspension. 45 a ^ ly^P" 00 ^^ 

Conductivity may be employed, for instance, by applying ^) monocytes, 

alternating current in the radio frequency range. Energy can c) neutrophils; 

penetrate the cell by short circuiting the cell membrane's d) eosinophils and 

bipolar lipid layer. c) basophflSt 

Information about the cells is also possible with light 50 g ^ composition of claim I, wherein tbe red 

scatter techniques, such as from the scatter characteristics Mood wU ^nipoaeni comprises human red blood cells. 

detected from cells in response to a coherent light source. 9 ^ ^ ilioD of claim 1( whcrein thc 

5 ' „ nucleated red blood cell component comprises nucleated 

Of course, by no means is tbe mode of sample tesuog aviaQ fcd blood ^ 

limited to the above. As mentioned other principles may be 55 10 ^ composition of c!aim % whtrzin lhc 

' . . , . nucleated avian red blood cells comprise turkey red blood 

The respective population counts obtained from the an aly- ^ 

sis are compared cither to known reference value for each . — , t . . . r 1 ■ 1 u , L 

component type in the control composition, or by compari- , U ; ^ CODlro1 ™™P™*™ * 1, wherein thc 

sonof.her^puUuoncountsforeacbcomponenttyrxsinthe to P lal * Ict component comprises Simulated platelets 

test sample with the corresponding values of components in ,2 ' ™ iT °l composition of claim 11. wherein the 

the control composition. Data relating lo the measurement of simulated platelets comprise gnat red blood cells. 

components in control composition and lest samples is 13. The control conrposition of claim I. wherein the 

collected, monitored, stored, compared and analyzed by platelet component comprises human platelets. 

electronic means, such as a computer programmed with 65 14. The control composition of claim 1, wherein the 

appropriate software and containing appropriate data file reticulated platelet component comprises goat red blood 

structure. cells. 
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15. A method of using the control composition of claim 1 
to determine the accuracy and reproducibility of the opera- 
tion of a multiparameter automated hematology instrument 
comprising the steps of: 

a) providing the hematology control composition of claim 
1 with a known reference value for each component 
type; 

b) providing a multi-parameter automated hematology 
instrument; 

c) counting the population number per component type in 
the hematology control composition with the multi- 
parameter automated hematology instrument; and 

d) comparing the population number per component type 
obtained from step c) above with the known reference 
value for each component type. 

16. A method of using the control composition of claim 1 
in the analysis of whole blood comprising the steps of: 

a) providing the hematology control composition of claim 
1 with a known reference value for each component 
type; 

b) providing a multi-parameter automated hematology 
instrument; 

c) providing one or more samples of whole blood; 

d) counting the population number per component type in 
the hematology control composition with the multi- 
parameter automated hematology instrument; 

c) counting the population number per component type in 
the whole blood sample with the multi-parameter auto- 
mated hematology instrument; and 

f) comparing the population number per component in the 
hematology control composition obtained from step d) 
above with the population number per component in 
the whole blood sample obtained from step e) above. 

17. The methods of claim 15 or 16, including means to 
collect, monitor, store, compare, and analyze data generated 
from the comparison of such control composition or test 
samples. 

18. A method of making a hematology control composi- 
tion for use with multi-parameter hematology measuring 
systems, comprising the step of mixing a reticulocyte 
component, a white blood cell component, a red blood cell 
component, a nucleated red blood cell component, a platelet 
component and a reticulated platelet component in an iso- 
tonic suspension medium. 

19. The method of claim 18, wherein the reticulocyte 
component comprises reticulocytes or an analog thereof. 

20. The method of claim 18, wherein the white blood cell 
component comprises a member selected from the group 
consisting of white blood cells for cellular types, white 
blood cells for all phenotypes and mixtures thereof. 

21. The method of claim 20, wherein the white blood cells 
for cellular types comprise: 
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a) lymphocytes; 

b) monocytes; 

c) neutrophils; 

5 d) eosinophils; and 
c) basophils. 

22. The method of claim 18, wherein the red blood cell 
component comprises human red blood cells. 

23. The method of claim 18, wherein the nucleated red 
l0 blood cell component comprises nucleated avian red blood 

cells. 

24. The method of claim 23, wherein the nucleated avian 
red blood cells comprise turkey red blood cells. 

25. The method of claim 18, wherein the platelet com- 
l5 ponent comprises simulated platelets. 

26. The method of claim 25, wherein the simulated 
platelets comprise goat red blood cells. 

27. The method of claim 18, wherein the reticulated 
platelet component comprises goal red blood cells. 

20 28. A hematology control composition, comprising: 

a) a reticulocyte component; 

b) a white blood cell component including components 
corresponding with: 

i. lymphocytes; 
is ii. monocytes; 

iii. neutrophils; 

iv. eosinophils; and 

v. basophils; 

c) a red blood cell component; 
30 d) a platelet component; and 

e) an isotonic suspension medium, wherein each of said 
components (a)-(d) is present in sufficient amounts to 
be measurable with an automated hematology instru- 
ment employing cell volume conductivity and scatter 
35 measurements to yield a readout that corresponds sub- 
stantially with that of human whole blood. 

29. A hematology control composition, comprising: 
a) a reticulocyte component; 

4Q h) a white bltxxl cull component; 

c) a red blood cell component; 

d) a platelet component; and 

e) an isotonic suspension medium, wherein each of said 
components (a)-<d) is present in sufficient amounts to 

45 be measurable with an automated hematology instru- 
ment and to yield a readout that corresponds substan- 
tially with that of human whole blood. 

30. The control composition of claim 29 further compris- 
ing a reticulated platelet component. 

50 31 . The control composition of claim 30 further compris- 
ing a nucleated red blood cell component. 

32. The control composition of claim 30 further compris- 
ing a source of lipoprotein. 
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HEMATOLOGY CONTROL AND SYSTEM hematology instrument. When so measured, the control 

FOR MULTI-PARAMETER HEMATOLOGY composition would assist in the calibration, operation, and 

MEASUREMENTS accumulation of quality assurance data for the multi- 
parameter automated hematology instrument. 

CLAIM OF BENEFIT OF EARLIER FILING , ^ of p,,,^] may ^ as . PaL No . smj90 

and "Improved Isolation of Normal Human Reticulocytes 

The present invention is a continuation-in-part of y i a Exploitation of Chloride -Dependent Potassium 

commonly-owned, copending U.S. patent application Ser, Transport," Sorctte et al., Blood, Vol. 80, No. 1 (Jul. 1), 

No. 09/378,608, filed Aug. 20, 1999, hereby expressly 1992: pp. 249-254; hereby incorporated by reference, 

incorporated by reference. Applicants herebv claim the 10 

benefit of the filing dale of such application for'all purposes SUMMARY OF THE INVENTION 

and to the extent permitted in accordance with 35 U.S.C. A hematology control and system for multi-parameter 

Section 120. hematology measurement Is provided. The hematology con- 

HELD OK THE INVENTION 15 ^ P rov ^ c& v^cs for the various constituents of blood that 

the multi-parameter hematology instrument is capable of 

The present invention relates generally to hematology measuring. The hematology control composition comprises 

control compositions and systems and, more particularly, to components for simulating reticulocyte, white blood cell, 

a hematology control composition and system used to mea- red blood cell, nucleated red blood cell, platelet or reticu- 

sure a plurality of parameters in a sample of blood with a ^ Uted platelet constituents of whole blood, 

multi-parameter automated hematology instrument. Methods of making and using the hematology control 

BACKGROUND OF THE INVENTION composition of the present invention are also provided 

herein. 

Hematology controls for various automated instruments systcm of fo c prcscnl invention also includes a 

that measure, for example, red and white blood cell counts 25 hematology instrument, a enntmt, and mav further include 

and platelet counts, arc known in the art and are described OUIpui or rea d out devices. In one embodiment the system 

in the following U.S. Pat. Nos.: 3,558,522; 3,873,467; includes other peripheral devices, such as a device for 

4,179,398; 4,219,440; 4,299,726; 4,324,687; 4358,394; and tracking samples and associating them with particular data, 

4,436,821 (incorporated by reference herein). Currently, such as a bar-code scanner system, 

blood analysis requires the use of one or more of several .10 

differenl instruments and, subsequently, different blood DETAILED DESCRIPTION OF THE 

samples and blood sample preparations to analyze the van- PREFERRED EMBODIMENTS 
mis components of blood. Several hematology instruments, 

however, now have the capability of measuring various The hematology control composition of the present inven- 

paramelers of blood without requiring separate sample 35 u0n comprises components for simulating one or more of 

preparation for each parameter being tested. Such instru- thc following constituents of whole blood: reticulocytes, 

ments include the Bcckman Coulter STKS or Gen-S white blood cells, red blood cells, nucleated red blood cells, 

Systems, the Abbott Ccll-Dyn 4O00 Hematology System, platelets or reticulated platelets. In one embodiment the 

Bayer AD VIA 120, and the Sysmex XU2100 System. These components are suspended in an isotonic medium, prefer- 

improved automated instruments can measure one or more 40 * bl V indudin S lipoprotein. The hematology control compo- 

of: 1 ) reticulocytes, 2) red blood cells, 3) nucleated red blood sition of P rcsent invention provides values for various 

cells, 4) platelets, 5) reticulated platelets, 6) white blood constituents of blood that a hematology instrument, such as 

cells, including lymphocytes, monocytes, neutrophils, a multi-parameter hematology instrument, is capable of 

eosinophils, basophils, and 7) white blood cells wiih all measuring. Examples of multi-parameter hematology instru- 

phenotypes. It would thus be desirable to provide a hema- 45 mcnts ioc1udc thosc * v * iHblt commercially without 

tulogy control composition that could be used as a control in limitation, under the designations Beckman Coulter STKS 

connection with these instruments. or Gen-S Systems, the Abbott Cell-Dyn 4000 Hematology 

In the preferred embodiment, a hematology control com- Bav " ff™ 120 the s 3«» XE2100 

position for use with a multi-parameter automated hcmatol- System, or the like. 

ogy instrument includes a liquid suspension of particulates 50 The present discussion includes multiple approaches to 

that has measureable characteristics like whole blood. The making a control in accordance with the present invention, 

control composition includes one or more blood cells (i.e. ^ recognized that one highly preferred embodiment 

cells handled or treated to simulate such a component as contemplates a control having components that simulate the 

found in whole bluod)or their analogs (collectively referred characteristics of whole blood for purposes of obtaining 

to as blood cell components), that may or may not be fixed, 55 readouts on a Bcckman Coulter GEN-S instrument for red 

stabilized, or prepared by other treatment prior to final blood cells, the five populations of white blood ce lis, reticu- 

suspension. In different embodiments, thc blood cell com- locytes and platelets. Thus, a suspension is provided that 

ponents may be derived from a source that will exhibit Ibe includes a plurality of particles that exhibit similar light 

size, shape or other measurable characteristics of human, scattering, conductivity, impedance, optical (including 

animal,oiotherwtx)Jeblood.Bywayofexamples,U.S.Pat. ao fluorescence), photometric, or other property responses 

Nos. 4,198,206; 4,436 ,821 ; 5,008,021; 5,262,327; 5,270, detected by the instrument in operation, as would the cor- 

208; 5,432,089; 5,460,797; 5,672,474; 5,677,145; 5,731, responding components of whole blood. 

205; 5,811,099 and 5,981,282, which are each hereby incor- It will be appreciated that the term u control composition" 

porated by reference, each contain examples of these types as used herein means one or more bbod components (i.e., 

of blood cell components. The control has one or more blood 65 blood constituents as well as analogs thereof), which when 

component to resemble corresponding components in whole combined or used alone, sufficiently simulate the relevant 

blood when measured by the multi-parameter automated characteristics of whole blood for which the instrument 
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tests. The following addresses the preparation of various of about the bottom 70% or lower). The cells are washed with 

the constituent components. The control of the present a suitable diluent, such as the diluent from Table 1 or 4. 

invention contemplates an admixture of two or more blood Optionally, about 0.5 to about 5.0 % aod more preferably 

components, aDd preferably a reticulocyte component and a about 0.75% of Streck Laboratories product number 233301, 

component simulating at least three, and preferably five 5 also known as STA-CELL (available from Stieck Labora- 

subpopulations of white blood cells. Percentages are by lories (Omaha, Nebr.)) is added. In the present illustrated 

volume unless otherwise indicated. embodiment, the cells are thus treated in a manner that 

would make them susceptible to a detection stain (e.g., 

Reticulocyte Component methylene blue). 

The reticulocyte component of the control composition 10 In another embodiment, the reticulocyte component is 

includes a component thai exhibits the relevant cfaaracleris- fixed (such as with an aldehyde or other suitable fixative) in 

tics for detection of reticulocytes using a hematology instru- a lactose or other suitable diluent. A like diluent absent the 

ment in accordance with the present invention. Accordingly, fixative may also be employed for washing, 
the control may suitably contain stabilized reticulocytes 

(that is, immature anucleate red blood cells containing some « whlte 11100(1 °" U Component 

ribonucleic acid) or an analog thereof. For example, among ] n the present embodiment, the component of the control 

possible embodiments, the reticulocyte component may mat is to sinra late the char acterislics of white blood cells in 

comprise true mammalian reticulocytes prepared for whole blood is prepared from a biological material. More 

instance by mammalian (e.g. human) red blood cell encap- specifically, the material is a cellular biological material, and 

sulation or by isolation from whole blood. The reticulocyte 20 preferably the material includes human white blood cells 

component is prepared in any suitable manner. See, e.g., (although blood cells from any suitable animal may be 

U.S. Pal. No. 5,432,089, incorporated by reference. employed). In a preferred embodiment of the present 

Alternatively, it is possible to obtain suitable reticulocytes invention, the white blood cell component includes raateri- 

by obtaining blood from an anemic animal (e.g., a pig, goat, afc for replicating the relevant measurable characteristics for 

rabbit or the like). 2S some or all of each of the five white blood cell types, namely, 

In one particularly pre feired embodiment, the reticulocyte lymphocytes, monocytes, neutrophils, eosinophils and 

component is prepared by an encapsulation method, using basophils, and they in turn are provided at tbeii art-disclosed 

non-reticulocyie blood cells, such as red blood cells from a levels (see, e.g., Table 6). 

human or other source. The red blood cells are encapsulated The while blood cell component of the hematology con- 

and stabilized. By way of illustration, in one embodiment, 30 i ro | composition comprises a blood cell (e.g. white blood 

red blood cells having, a relatively high MCV (e.g., about 85 cell) or analog thereof, selected from the group consisting of 

to about 95 fL, and more preferably about 88 to about 92 fL) wa it & blood cells for various cellular types, white blood cells 

are provided. for all phenolypes, and mixtures thereof. U.S. Pat Nos. 

The cells are washed in a suitable diluent (e.g., about 0.15 35 5,270,208 and 5,262327, incorporated herein by reference, 

M NaCl) in one or more washing, steps. The cells are then provide examples of a suitable white blood cell component 

concentrated to a desired hematocrit value, e.g., greater than (see also U.S. Pat. No. 5,529,933, hereby incorporated by 

about 50%, and more preferably greater than about 70%. reference). Of course, the skilled artisan will appreciate that 

The cells are then encapsulated with RNA. By way of tne subject invention is not limited lo white blood cell 

example, RNA is encapsulated into the red blood cells by a w components prepared from only while blood cells. Analogs 

suitable lysis step, e.g., by hypotonic lysis. This may be done prepared from any of a variety of other souces are possible, 

in a number of ways, including by mixing red blood cells including but not limited lo red blood celts from birds, 

with a solution of RNA having an appropriate pH and reptiles, mammals, etc. 

osmolarity. For instance the solution may contain a minor The cells arc provided in packs (e.g., 2 to 3 packs per 
amount of UNA (more preferably about 1%), and has a pH 4S bottle). The cells are treated by a series of steps for selec- 
between about 7 and 8 (more preferably about 7.6). The lively lysing any undesired blood cells present in the mate- 
solution is adjusted (e.g. with NaCl) to obtain an osmolarity rial as provided; for washing the cells; and for fixing or 
of about 40 mOsoi. otherwise stabilizing the cells. 

The red blood cells are mixed with the RNA solution in Selective lysing may be accomplished in any suitable 

a suitable proportion, which may vary as desired In a 50 manner, for instance, by contacting the undesired blood cells 

present preferred embodiment, the volume ratio of packed with a lysing agent Any suitable lysing agent may be 

red blood cells to RNA solution is about 0.8 to about 1.2: employed. Buffered balides, such as ammonium chloride 

about 1 to about 2, and more preferably is about 1:1.4. and Trizm a Based (e.g., about 7.5 g ammonium chloride and 

Before lysing, or at an early stage of the lysing, the red blood 2 g Tris per liter), illustrates one suitable class of lysing 

cells and the RNA solution are pre -incubated, such as by 55 agents, where the undesired celts include red blood cells, 

heating to above room temperature (e.g., about 37 degrees Lysing is accomplished through a series of consecutive 

C). The cells arc lyscd in the admixture, and thereafter, the washing steps with the lysing agent. Optionally, before Ihe 

red blood cells are re-sealed. By way of example, the red lysing, the cells are subjected to a preliminary fixing step, 

blood cells are re-sealed by introducing them to a salt such as by contacting them with a suitable fixing agent, 

solution and then heating above room temperature (e.g., 60 healing (hem or both. For instance, the cells are contacted 

adding about 0.15 volume of about 12% NaCl solution, and with a buffered antimicrobial saline solution (optionally 

then heating or annealing the cells tu about 37 degrees C. for including a diluent as described in Table 4) including a 

about one hour). suitable amount of a fixative (e.g., about 0.11% 

The resulting mixture is poured into a separatory funnel formaldehyde), 

and allowed to incubate for a suitable time, e.g., for at least 65 . The lysing may be done in a single step or a plurality of 

about 18 hours at room temperature. Thereafter, cells from steps (e.g., for about one hour, then for about 25 minutes), 

the bottom portion of the funnel are collected (e.g., from where after each step, the lysing agent is removed and fresh 
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agent is introduced. After lysing, tbe cells aie washed to the cell morphology. To illustrate, in one embodiment, in a 

remove the lysing agenL Any suitable wash composition and solution of distilled water containing 5 g/1 sorbitol, 7.4% 

technique may be employed. For instance, the aforenoted formaldehyde and 0.125% glutaraldehyde. Of course, olher 

buffered antimicrobial saline solution (absent a fixing agent) suitable fixing agents may be used in suitable amounts. In a 

may be employed. Using this solution the cells are washed 5 highly preferred embodiment, the while blood cells and Ihe 

in at least one step and preferably two steps, wherein the fix solution are maintained at a temperature sufficient to 

cells arc ccntrifuged at a suitable rate (e.g. about 900 rpm for provide a proper white blood cell position (e.g. between 

about 10 minutes) (e.g., about 200xg). about 4° C. and 12° C). The fixative is added to the cells at 

Prior to Oxing, it may be preferable U> further pre-treat tbe a "tio. For example, in one embodiment, a ratio of 

cells in an albumin-containing diluent, such as about 2% « between 10 ml of cell suspension to 24 ml of fix solution is 

BSA in a diluent such as that of Table 1. Preferably the u^- distilled water in the fix solution swells the white 

diluent has a pH of about 8 and an osmolarity of about 175 blood cells further, while the fixative stabilizes the cell 

to about 300 (e.g. about 215). Any suitable period of membrane. The cells are thus left in the fixative for 2 days 

pre-treatment may be employed, e.g., about one hour, when al room temperature. 

maintained at about 6 degrees C. H After fixation, the cells preferably arc washed. In one 
The cells are fixed in any suitable manner sufficient to. aspect, they are washed in a phosphate buffered solution, 

denature tbe protein on the cell surface. The cells may be 0« such solution contains polyethylene glycol, (PEG), 

heated, contacted with a fixing agent or both. The skilled ethylenediaminetetraactic add (EDTA), magnesium glucon- 

artisan will recognize thai, though the preferred fixing agent and bovine serum albumin. Lipoprotein concentrate is 

is an aldehyde, any suitable agent (preferably in a hypotonic 20 added al ISO rog/dl HDL to store the cells prior to use m 

solution) mav be used, including for instance, those con- order to tmprove the stability of the scattergram position 

taining an aldehyde, an alcohol, a heterocyclic urea (e.g., while the while blood cells are waiting to be added to the 

diazolidinyl urea (known as I>U), imidazolidinyl urea other components of the control composiuon. 

(known as IDU) or a mixture thereof) or a mixture thereof. ^ It will be appreciated that white blood cells prepared as 

Among the suitable fixing agents, one particularly effective 75 described in U.S. Pat. No. 5,459,073 (incorporated herein by 

alcohol-containing agent is 50% by volume — [l-methyl-2- reference) for flow cytometry may be employed for pheno- 

(5-methyl-3-oxazolidinyl)-ethoxy]melhoxylmelhanol (e.g., typing. By mixing the two types of white cells, both require - 

NUOSEPT 145, from HULS America, Inc.), or a mixture ments can be met, i.c., white blood cells for various cellular 

thcrof. In one present preferred embodiment, the aldehyde is types and phenolypes, as the cells prepared for phenotyping 

selected from the group consisting of formaldehyde, 30 generally should not interfere with the position of other 

glutaraldehyde, and mixtures thereof. white blood cells on the histograms/scattergrams. 

By way of illustration, a fixing admixture is prepared to In controls for certain instruments, white blood cells may 

include about 10 parts cells, about 20 parts distilled water, need to be diluted or concentrated, for example, for the 

an agent for enhancing osmolarity across tbe cell membrane, 3J Ccll-Dyn instruments a dilution lo a count of 10,000 is 

fur aiding in the formation of clusters in scattergram popu- preferred, 
lation readouts or both (e.g., about 5 g/1 of a sugar, such as 

sorbitol), an agent for helping to stabilize the readout of Blood Cell Component 

monocytes (e.g., about 4% DU), and a fixing agent, such as Id the present embodiment, Hht component of the control 

about about 4 parts formaldehyde, and about 0.1 parts 4Q that is vo simulate the characteristics oT red blood cells in 

glutaxaldehyde. Fixing is performed for a suitable amount of whole blood is prepared from a bio-compatible material, 

time and at a suitable temperature. Using this fixing agent, More specifically, the material is a cellular biological 

for example, fixing is performed for about 2 to about 3 days material, and preferably the material includes human red 

al about 22 degrees C. (i.c., warmed prior to fixing after blood cells (although analog blood cells from any suitable 

refrigeration). 45 animal may be employed). 

Fixed cells are washed with a suitable rinse material (e.g., The cells a s provided are separated from the liquid 

a cell stabilizer in a diluent) to remove the fixing agent. By medium or supernatant in which it is supplied through any 

way of illustration, two washes are made during ccntrifu- suitable separation technique, including but not limited to 

galion at about 900 rpm for about 10 minutes (e.g., about centrifugal ion, filtration, or the like. The cells are washed in 

200xg), in a solution including a metal halide (e.g., about 50 a series 0 f one or more (e.g., 3) consecutive washing steps, 

5% NaF) cell stabilizer in a diluent (e.g. a dihient having the pursuant to which excess supernatant is removed. The cells 

composition as outlined in Tabic 2). preferably are washed in a (e.g. such as the diluent of Table 

In another illustrative embodiment, when preparing ihe 2) and optionally one or more additional components 
while blood cell component Cor the control composition of selected from the group consisting of a cell stabilizer, an 

the present invention, the cells are obtained by standard 55 albumin, an agent for reducing the likelihood of cell hemoly- 

separalion from whole blood or from portion of previously sis in tbe presence of oxygen, and mixtures thereof. In a 

fractionated whole blood containing the desired cell popu- more preferred aspect, the additional components are 

lation. The cells are re suspended, for instance, in a phos- selected from the group consisting of a metal halide cell 

phate buffered solution containing polyethylene glycol stabilizer, bovine scrum albumen (BSA), an antioxidant and 

20,000 (PEG), elbylenediamine tetraaoetic acid (EDTA) and w mixtures thereof. In still a more preferred embodiment, the 

magnesium gluconate with 2% bovine serum albumin. The diluent is one such as that of Table 4, and it will include 

osmolarity of this solution is preferably sufficient to swell about 0.003 10 about 0.010 (and more preferably about 

the white blood cells prior to fixation (e.g. about 21 5 mosm). 0.005%) NaF, about 2% BSA, about 0.005 to about 0.020 

The cells may then be stored in this solution, e.g. at about 6° (and more preferably about 0.010%) sulfasalizinc. The dilu- 

C. for 1 hour. 65 enl of Table 1 likewise may be used as desired. 

The cells are fixed in a suitable media in order preferably Optionally, depending upon the end use and commercial 
lo denature the surface or otherwise accomplish preserving . considerations, one or more agents for reducing the rate of 
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degradation is employed in a suitable amount; for example, 
about 0.25 to about 2.0%, and more preferably about 0.75% 
of a material available from Streck Laboratories (Omaha, 
Nebr.) under the product number 233301 or the designation 
STA CELL (which material may also be suitably added for 
one or more of the other components). Further, optionally, 
the cells preferably are prepared in an environment substan- 
tially free of glucose. In yet another optional embodiment, 
the cells arc fixed (e.g., by a suitable protein deriatu ration 
step, such as by glutaraldehyde fixing) after washing and 
then further washed. 

The cells may be washed for any suitable period of lime, 
and rt suspended (in the same wash or a different one, e.g., 
one having a higher concentration) any suitable number of 
times. 

The skilled artisan will appreciate that the red blood cells 
may be washed free of all other cellular material, such as by 
using a magnesium gluconate diluent. 

By way of further illustration, in another embodiment, 
concentrated red blood cells are provided, separated from 
associated supernatant, and concentrated human red blood 
cell packs are suspended in a solution (e.g. phosphate 
buffered solution containing PEG (MW-20,000)) and 
allowed to settle overnight. The supernatant is then removed 
and 0.5% NaCl with PUG is added in an equal volume to the 
packed red blood cells and allowed to set at room tempera- 
ture for A— 5 hours. The supernatant is again removed and the 
cells are rcsuspended in the NaCl solution and stored at 6° 
C overnight. The packs arc further checked for excessive 
hemolysis and removed from the inventory. The remaining 
packs are pooled into batches based on the MCV's, wherein 
twelve to fourteen packs are combined to make a batch. The 
batches are again rcsuspended in the NaCl solution for about 
4-5 hours at room temperature. Of course, other times and 
temperatures may be employed. 

Each batch is rcsuspended into a phosphate buffered 
solution containing PEG, EDTA and magnesium gluconate. 
The cells are allowed to settle, the supernatant is removed 
and the cells are re suspended in the above solution with 
lower PEG concentrations for storage up to 90 days at 6° C 

One diluent efficient in stabilizing the red blood cells on 
the Coulter STKS includes a phosphate buffered solutiun 
containing PEG, Na^EDTA, magnesium gluconate and an 
antioxidant (e.g., sulfasalazine or a -tocopherol), wherein the 
antioxidant is added to prevent hemolysis when the lipo- 
protein is added to the control composition of the present 
invention. The final diluent also contains about 2% bovine 
scrum albumin to improve the position of the while blood 
cells. After the cells have been washed into this dilueni, 
STA-CELL from Streck Laboratories (Omaha, Nebr.) is 
added at 0.75% to the total volume of red blood cells to give 
added stability to the MCV'S. 

Optionally, in certain applications, it may be desirable to 
fix the red blood cells, after removing excess red blood cells, 
such as by a slow centrifugation. By way of example, for 
such an embodiment, the diluent of Tabic 1 is employed. 
Cells axe washed and re suspended in the diluent to a suitable 
concentration (e.g. about 4xl0 ft /mm 1 ). Preferably the pH is 
about 7 and there is no glucose in the suspension. Approxi- 
mately one to one proportions of the cells are admixed with 
the diluent and a suitable amount of a fixative (e.g., about 
0.007% to about 0.01% glutaraldehyde (by count)) for a 
suitable period and at a suitable temperature (e.g., 22 
degrees C for about one or two days). The resulting cells arc 
then washed a plurality of times (e.g., about 3 to about 8) in 
a like diluent (preferably at a pH of between 7 and 8). The 
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cells are centrifuged at about 1500 for about 15 minutes. 
Decaating and sonication is performed as needed. Moreover, 
the cells may be further treated as desired by the addition of 
a suitable amount of STA-CELL (e.g., about 0.75%) from 
5 Streck Laboratories, Inc. (Omaha, Nebr.). 

Nucleated Red Blood Cell Component 

When employed, the nucleated red blood cell component 
of the control composition of the present invention com- 

J0 prises nucleated red blood cells or an analog thereof, such as 
avian red blood cells, e.g., turkey or chicken red blood cells. 
For example, turkey red blood cells art washed into a 
phosphate buffered solution and set to a count of about 
1xl0 6 /mm3. The cells are fixed with a phosphate solution 

15 (volume equal to the cell volume) +0.4% vAr glutaraldehyde, 
at room temperature for one day and then washed into a 
phosphate buffer. 

The fixed turkey red blood cells are added to the control 
composition of the present invention to yield a cell count 

*° equal to at least 10% of the while blood cell count in order 
to produce NRBC flags on the Coulter STKS or the Cell- 
Dyne 4000 manufactured by Abbott Laboratories. Though 
the present example contemplates the use of turkey cells, 
cells from other cell sources may be employed as the skilled 

25 artisan will appreciate. 

Platelet Component 

In a preferred embodiment of the present invention, the 

M hematology control composition additionally provides a 
platelet component, preferably a simulated platelet compo- 
nent. Among other possible types, the platelet component 
may comprise stabilized human platelets or platelets simu- 
lated from goat, bovine or porcine blood cells. In one 
_ embodiment, they arc prepared from red blood cells. See, 
U.S. Pat. Nos. 4,160,644 and 4,198,206. incorporated herein 
by reference, disclose an example of a suitable platelet 
reference control and methods of preparation. The skilled 
artisan will appreciate a number of other techniques for 

40 preparing simulated platelets. 

In general, how the platelets are prepared may depend 
upon the source of the cells (i.e., whether they are animal 
blood cells to be shrunken, swollen or otherwise sized or 
shaped to resemble platelets, or whether they are platelets 

45 from blood). In general, the cells are washed, optionally 
pre -fixed, sized and shaped, and then fixed or otherwise 
stabilized in terms of size and shape, and neutralized. 

By way of example, the platelet component is prepared 
from animal blood cells, such as goat red blood cells, The 

50 cells are washed one or more times (e.g., about three times) 
in a suitable buffered solution such as a buffered saline 
solution (e.g., phosphate buffered saline solution). The solu- 
tion may also include a suitable amount of a chelating agent 
(e.g., about 1% ethylene diamine tc Ira acetic acid (EDTA)). 

55 The cells optionally axe prefixed in a suitable manner to 
aid in the step of sizing and shaping them. By way of 
illustration, the cells arc contacted with a suitable pre- fix 
solution ((e.g., one to one in the initial wash solution having 
a fixative (e.g., about 0.0085% of glutaraldehyde)). The 

60 amount of such fixing agent of course may be suitably 
adjusted as needed to control the sizing rate (e.g., the 
shrinkage rate). Preferably the pre-fix solution is warmed to 
an elevated temperature (e.g., about 30 degrees C), and 
prefixing is performed for a sufficient time at such tempera- 

65 turc (e.g., about 90 minutes). After the pre-fix step, the 
supernatant is removed, such as by centrifuging, aspirating 
or both. 
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In instances where ihc sizing and shaping is performed lo in a Solution of about 0.9% NaCl and concentrated to 

shrink the cells and form a simulated platelet structure, the 70-80% hematocrit (HCT). Hqual volumes of concentrated 

cells preferably are lysed in a suitable manner (e.g., using a red blood cells and A% RNA solution (20 mis of each) 

lytic agent such as ammonium chloride tris). During lysing. adjusted to 300 mosm with a suitable salt (e.g., KC1) are 

the cell size and shape may be monitored using a suitable 5 mixed together and dialyzed against 500 mis of a hypotonic 

instrument such as the H3 by Bayer Corporation (a hema- solution, such as one containing glycerol (osm-90-100), for 

tology analyzer with a laser optical detection system). The 90 al . 6 ° C Dialysis is required to slowly change the 

cells are then washed one or more times with a suitable osmoUnly wnboTrt damaging the ce Is The resulting osmo- 

diluent (e.g. the diluent of Table 3) lant y chaD * c ID thc rcd blood ^ soluUon K frora about 300 

,.,-..f ,„ mosm to about 150 mosm. This process creates boles in the 

ijkc with the aforenoied blood cells, the simulated plate- w cc|J mcmbranc , 0 ^ ^ RNA in thc red blood cell 

lets arc fixed in any suitable manner, preferably one that will solution to enter the red blood cells, 

denature thc protein on the cell surface. In a particularly ^ osmolarity is ^ back t0 ^tonicity by dialyzing 

preferred embodiment, the cells are fixed in a one lo one thc rcd bjood ^ coming RNA aga j nsl an isotonic 

solution with a diluent such as that of Table 3 and about solution. This dialvsis is at room temperature for 30 minutes 

0.1% formaldehyde. Preferably the temperature of thc fixing ^ arK ] lnc final osmolarity of thc cells is about 260 mosm. This 

solution is elevated (e.g. about 37 degrees C.) for a sutiable process reseals the holes thai were created by tbc hypotonic 

period of time (e.g.. about 3 days). dialysis, thus trapping thc RNA inside thc cells. 

The cells are then washed with a suitable wash to remove Eighty milliliters of the resealing diluent containing 0.1% 

the fixative, preferably also taking measures to neutralize Nuoscpl 101 is added to Ihc encapsulated red blood cells and 

any unre acted fixative that has not bound to tbc cell surface. 20 the mixture is heated at 37° C. fur 3 hours. This beating step 

lb illustrate, preferably where the fixative is an aldehyde, a helps to lyse the weakened cells from the encapsulation 

suitable amount of a glycine solution is employed in the process and anneals the membranes of thc encapsulated red 

wash. One or more additional washing steps may be blood cells. 

performed, using one or mare additional washes, as desired . To illustrate, goal red blood cells are separated from other 
For instance, subsequent washing steps may be employed 25 constituents of goat whole blood. For instance, cells are 
using the wash composition of Table 3, Table 4 or a mixture washcd mI ° PBS thrce limcs 10 rcmove the R i lasma and wilUc 
thereof. cel ^ s * ^h e concentration is adjusted to 8x10 /mm3 and fixed 
,.."„. . , . . . , , with a volume of PBS equal to the cells that contain 
It will be appreciated that the platelet component can be 0224 ^ 37Q% glutaraldehyde, providing tbc amount of pro- 
made from human blond, using any suitable proce*;. By way tcaiQn nccdcd t£> ^ QW Wsis during ^ ^ 
ot example, without limitation, human blood is provided ' step ^ ce , k ^ al 30° C. for one hour and 
(preferably in a diluent having a fixative (e.g., a diluent such centrifuged al 1200 RPM for 15 minutes. The supernatant is 
as that of Table 4 with about 0.10% formaldehyde). removed and the cell volume is adjusted to one- fourth of 
Optionally, red blood cells are removed, and the resulting fixed volume. 

cells are admixed with fixed cells. For instance, the red cells aq amm onium chloride solution is added to the cells to 

are centrifuged in quantities of about 400 ml per container equal the original volume of fixed cells. Without intending 

for about 10 minutes at about 900 rpm). to be bound by theory, the ammonium chloride solution 

As-provided cells arc placed in a fixative (e.g., about one creates holes in the membrane to allow hemoglobin (o exit 

to one proportions in a diluent such as that of Table 3 with 10 ibe cells, while the glutaraldehyde protects from total 

a suitable amount of a fixative (e.g., about 0.075% D lysis. The cells are monitored for hemoglobin bss based on 

glutaraldehyde)). Fixing is done at about 22 degrees C. for (MPV) decreases on a Bayer H-l. When the MPV is at 10 

about 2 days. Following fixation, centrifugation is per- fl on thc Bavcr H ~ l > arc ctlulcd with a phosphate 

formed at about 1800 rpm for about 20 minutes (for 400 ml bu . ffcred ™ MtDn and centrifuged at 1800 RPM for 20 

container). Ihe two separate collections of cells are brought mm " t( f lllc £"P™aiani is removed and the cells are 

logetherandwasbed(suchasinalxdihaentliketb a !ofTable „ wash ^ t0 ^ovc me free bemoglobm and shrink ^ the 

1), and then centrifuged (e.g. at about 1 800 rpm for about 20 < 5 ^mbrane amund the hemoglobin to produce an MPV of 

. t v _ 4 . „ \ 1 1 J , j - approximately 10 fl on impedance instruments, such as the 

mtnutes). Optionally, the platelets are decaoled from manu ^ ctur6d b B^an Coulter, 

residual red blood cells. Sonication may be used as desired . „ m/ . ' n t „ „ « „ , . 

.0 address platelet clumping. Dec.nta.ion may also be used .™ hen ' he » ^J** 10 Don the H-l the cells are dJuled 

as desired to assure debris and red blood cells are removed. «„ V*3f h, ! e buffered solut.on aud centrifuged at 1800 

... . . , .. , _, . 50 RPM tor 20 minutes. The supernatant is removed and the 

Resull.ug materials arc then resusj^nded ,n a d.luent. An cc|ls arc washcd l0 rcmovc (hc frcc bcmog iobi n and shrink 

example ot a suitable diluetrt would be that of Table 1 having ^ mcmbranc around mc hcmoglobin lopro ducc an MPVof 

no glucose and a pH of about 7. approximately 10 fl on impedance instruments, such as the 

Reticulated Platelet Component s+rV ' manufactured by Beckman Coulter. 

, . ... 55 In a more preferred embodiment, to prevent further loss of 

In another embodiment of the present invention, the hcmoglobin and of mc mcmbraDCr thc ^ are 

control composition comprises a reticulated platelet com- fixed more than for ^ ^ 0M % ghuaralde- 

ponenu To illustrate, without hmitaiion, goat red blood cells h dc ^ a of phosphalc buffered solution equal to the 

with encapsulated nude* acids would constitute one ^ vohlme |t a ^ of lxir / /rnm3 . ^ ^ ^ hh al 

example of a reticulated platelet component useful for the 60 niom U:rnpcraturc ovcmigh i and then washed. Though the 

present mvenUon. Other analogs may be used as well. pfCSCOt CJcampl6 contemplates the use of goat cells, cells 

By way of further illustration, in another embodiment, from othcr ^ sources may be employed (such as stabilized 

reticulated platelets for Ihe control composition of the human plaldcts) ^ thc artisan wil | appreciate, 
present invention are prepared by inducing a porous blood 

cell membrane to permit entry of RNA into a cell, hemo- 65 Suspension Medium 

globin to leave, or both. The then cells are sized or shaped Ihe present invention relates to a method of making a 

and stablizied. To illustrate, goat red blood cells are placed hematology control composition for use with mulii- 
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parameter systems, comprising the step of mixing one or 
more of a reticulocyte (retic) component, a white blood cell 
component, a red blood cell component, a nucleated red 
blood cell component, a platelet component, and a reticu- 
lated platelet component in an isotonic suspension medium. 5 

The components of the control preferably are suspended 
in appropriate concentrations a suitable suspension medium 
that permits the control to be processed through the auto- 
mated instrument. The suspension medium thus has a pH of 
about 6.5 to about 8.5 and is isotonic. By way of example, 10 
among the possible embodiments of the present invention, 
the isotonic suspension medium may comprise a buffer, 
antioxidant, protein or a mixture thereof, e.g., magnesium 
gluconate/ethylene diamine tetiaacclic acid (EDTA)/ 
phospatc buffer with nucleated red blood cells; the same 15 
buffer with the additives HDL, sulfasalazine and alpha 
tocopherol; or the same buffer with 3% albumin. 

Lipoprotein 

While BSA in any diluent present improves the while 20 
blood cell position on the sc&uergram, lipoprotein is also 
preferably used in an amount effective to provide a scatter- 
gram that represents whole blood, including the proper 
positioning of the five subpopulations of white blood cells. 
See U.S. Pal. Nos. 5,270,208 and 5,262,327 incorporated by 
reference. A lipoprotein source, preferably one consisting 
essentially of high-density lipoprotein (i.e., HDL) is added 
at about 0.5 to about 8.0% by volume of the control, and 
more preferably at about 100-175 mg/dl to the control 
composition and a-Tocopberol is further added to the lipo- 
protein source to reduce peroxides produced by Ihe oxida- 
tion of the lipoproteins. An example of a suitable commer- 
cially available form of lipoprotein is SUPERTRATE 
(available from Bayer). 



12 

Using Control 





Approximate 
Target Cooin 


Approximate 
VbJumc Stock 


RBC: 


4.5 x Mffmm* 


3,750 ml 


WBC: 


8.0 x lOVmm 3 


266 mJ 


I'll (pUlelrU) 


225 x HP/mm* 


112 ml 


Reuc (%) 


3% 


370 ml 


NRBC 


0.01% 


4.5 mJ 
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Admixing Components 

Stock volumes of the constituent components are pre- 
pared in the following approximate concentrations: 
. RBC: 6.0xl0 6 /mm 3 40 
WBC: 150,000/mm 3 
Hatclcts: 10xl0°/mm 3 
Relics: 50% of 5.5x 10/mm 3 red count 
NRBC: 05xi0 6 /mm 3 

To prepare the final control composition, for example, in 45 
a 5 liter volume, stock volumes of the constituent compo- 
nents are combined as follows: 



The combined constituents are brought to a final total 
volume of 5 liters by adding a suitable final diluent (e.g., 60 
prepared according to U.S. Pat. No. 5,262,327, incorporated 
herein by reference (preferably including SUPERTRATE or 
a like substance)). The skilled artisan will appreciate that 
there are other means and procedures to prepare this and 
1 other embodiments of the present invention. Moreover, as 
concentrations can be varied to provide controls having 
predetermined abnormal readings when tested. 



The following discusses examples of methods of using the 
control composition to determine the accuracy and repro- 
ducibility of the operation of a multi-parameter automated 
hematology instrument. By way of example, a multi- 
parameter automated hematology instrument, such as a 
Bcckman Coulter STKS or Gen-S Systems, the Abbott 
Ccll-Dyn 4000 Hematology System, Bayer AD VIA 120, and 
the Sysmex XE2100 System, is provided, optionally wiib a 
slide preparation module. The claimed control composition 
is obtained or prepared which includes, by way of example, 
a treated stabilized human red blood cell component and a 
reticulocyte component with quality control values in an 
appropriate range, for example, 1.0%, 2.5%, and 9.0%, 
respectively. It is refrigerated prior to use. A1 the beginning 
of testing, the control composition is allowed to warm to 
room temperature for about fifteen minutes, mixed 
manually, and checked for resuspension of contents. 

The control composition is prepared and analyzed by the 
same standard method as test samples which may he tested 
in batch quantities by the use of a suitable cassette having 
apertures for receiving lest vials. After preparation, the 
control composition and test samples are analyzed by count- 
ing the population number of each subject component type 
with a multi-parameter automated hematology instrument, 
which will yield a visual display of the data. 

For a Coulter System, the automated test instrument may 
employ technology known generally as VCS Technology (as 
marketed by Beckraan Coulter). VCS generally analyzes 
cell samples in view of simultaneous volume conductivity 
and Scatter measurements. Ordinarily, a starting sample is 
employed in combination with suitable reagents (which may 
comprise a component of a kit) and physical agitation for 
lysing and cell measuring by way of flow cytometry. 

Accordingly, the sample may be tested by the Coulter 
Principle of (DC) Impedance to measure the cell volume in 
an isotonic suspension. 

Conductivity may be employed, for instance, by applying 
alternating current in the radio frequency range. Energy can 
penetrate the cell by short circuiting the cell membrane's 
bipolar lipid layer. 

Information about the cells is also possible with light 
scatter techniques, such as from the scatter characteristics 
detected from cells in response to a coherent light source, 
eg. a laser beam. 

Of course, by no means is the mode of sample testing 
limited to the above. As mentioned other principles may be 
used. 

The respective population counts obtained from the analy- 
sis are compared either to known reference value for each 
component type in the control composition, or by compari- 
son of the population counts for each component types in the 
test sample with the corresponding values of components in 
the control composition. Data relating to the measurement of 
components in control composition and test samples is 
collected, monitored, stored, compared and analyzed by 
electronic means, such as a computer programmed with 
appropriate .software and containing appropriate data file 
structure. 
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TABLE 1 


Reagents 


Most Preferred Concentration 


Distilled Waler 


0.9 liter 


MtthvJ Paraben 


0 40 g/l 


PEG 20,000 


3.00 g/l 


EDTA, Disodimn Sail 


7.04 g/l 


Magnesium Gluconate 


3.92 g/l 


Sodium Phosphate Dibasic Anhydrous 


168 g/l 


Glucose 


6.0 g/l 


Sodium Hydroxide pellet* 


0.8 g/l 


Adeoouao 


0.25 g/l 


1 notice 


0.25 g/l 


Neomycin Sulfalc 


0.40 g/l 


Chloramphenicol 


0.15 g/l 


"q.s. to 1 Lite j 




Concentrated bovine serum albumin is added to the product 


at the time of combining the various cell types to make the 


protein concentration 3% of the liquid portion of the prod- 


uct. 




TABLE 2 




Reagents 


Most Preferred Concentration 


uisuuca wmicr 


vS liter* 


Methyl Paraben 


0.4 g/l 




3.00 g/l 


HI1TA , Disodium Sail 


11,73 \gf\ 


Magnesium Gluconate 


6.53 g/l 


•Sodium Phosphate Diba&ic Anhydrocs 


4.47 g/l 


Glucose 


10 g/l 


Sodium Hydroxide pellets 


] .40 g/l 


Adenosine 


0.25 gft 




0.25 g/l 


Neomycin Satfalc 


0.40 gA 


Sodium Ptuoride 


0.05 g/l 


Chloramphenicol 


0.15 g/l 


■q.». to 1 J Act 




TABLE 3 




Reagent* 


Most Preferred Concentration 


Distilled Water 


0.9 liter 


Metiyl Paraben 


0.4 g/l 


PEG 20,000 


3.00 g/l 


EDTA, Disodium Salt 


16.75 g/l 


Magnesium Gluconate 


9.33 g/l 


Sodium Phosphate Dibasic Anhydrous 


6 39 g/l 


Sodium Hydroxide Pelleu 


2.04 g,1 


Adenosine 


0.25 g,1 


loo tine 


0.25 g/l 


Neomycin Sulfate 


0.40 g/l 


Chloramphenicol 


0.15 g/l 


•q.s. to 1 liter 




TABLE 4 




Reagents 


Most Preferred Concentration 


Dw tilled Water 


1 liter 


Methyl Pnmbca 


0.40 g/l 


PRO 20,000 


3.00 *1 


EDTA, Disodium Salt 


11.73 g/l 


Magnesium Gluconate 


653 g/l 


Sodium Phosphate Dibasic Anhydrous 


4,47 g/l 


Glacosc 


10 g/l 


Sodium Hydroxide pellets 


t.40 g/l 


Adenosine 


0.25 g/l 


Jnosise 


0.25 g/l 


Neomycin Sulfate 


0.40 g/l 



TABLE 4-continued 



Rea gents 



Most Preferred Concentration 



S Sodium Fluoride 

Bovine Scrum Albumin 

Sulfasalazine 

Chloramphenicol 



0.05 g/l 

20 g/l 

0.10 g/l 

0,15 g/l 



*Chcle&trol Supe orate containing a-Tbcophcrol is added to the product at 
10 (lit time of combining the various cell types. The cholettrol supertratc if 
added (2-3%) to male the a-Tocopberol concentration about 5 mg % in 
the product 

The skilled artisan will appreciate that a number of the 

l5 ingredients have been disclosed hy way of specific example, 
but that any of a number of alternative ingredients at the 
suggested or different concentration, may be suitably sub- 
stituted for such ingredients. The following Table 5 illus- 
trates examples of various alternatives, and also includes a 

20 brief discussion of the commonly employed concentration 
ranges when employed in the diluents of Tables 1-4. Though 
the ingredients arc described by reference to a particular 
function, it should he appreciated that such discussion is 

2S presented without intending to be bound by theory. In some 
instances, the ingredient will perform a different or an 
additional function. Moreover, the skilled artisan will appre- 
ciate that reference in Table 5 to the functions, in the context 
of the present preferred embodiments, could be made to 
select additional alternatives. Thus, there is no inteatioo to 
be bound to the breadth of any specific illustrative ingredient 
or concentration, where it is apparent that others may be 
advantageously be employed in addition to or as a substitute 

^ for such ingredient. 

Likewise, as desired, ingredients may be deleted from the 
diluent. Thus, a combination of some of the ingredients may 
be suitably employed to achieve desired results. 

Preferably, the diluent includes one or more agents that 
function as a surfactant, hemolysis inhibitor, red blood cell 
settler, MCV stabilizer, buffer, metabolite, os molarity 
adjuster, antimicrobial, antifungal, protein source, positioner 
of white blood cell subpopulation, antioxidant, debris 
4 5 reducer ot a mixture thereof. 
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TABLE 5 





Preferred 








Concen- 


Range o( 




Component 


tration 


concentration 


Others 


Polyethylene Glycol 


3j00 g/l 


1. 0O-10.00 g/l 


PEG 8000, F68 


(PEG MW 20,000) 








Disodium EDTA 


11.75 g/J 


7.00-17.00 g/l 


Tetrasodioai 




EDTA 


Magnesium 


650 g/l 


3.5-9.5 g/l 


Lactose 


Gluconate 








Sodium Phosphate 


450 g/l 


2.5-6.5 g/l 


Citrate, Borate, 
Triarw Base 
Sodium 
Bicarbonate 


Glucose 


10.00 g/l 


o-io gn 


Other sugars 


Adenosine 


0.25 g/l 


0.J-3.D g/l 


Loos Lee 


Neomycin sulfate 


0.40 g/l 


O.J-0.8 g/l 


strcpio ,kDna- 
mycin 


Chloramphenicol 


0.15 g/l 


0.1-0.4 g/l 


PipecBcQbq 


Methyl Psntbcn 


0.40 g/l 


0.20-1 .20 g/l 


Other 






antifungals 


Bovine Serum 


30.0 gO 


G.O-oUQ gfl 


Other protein 


Albumin 






nources 
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TABLE 5-contioued 




Preferred 










Range of 




Component 


Lrsuun 


concentration 


Others 


Cholesterol 


30 ml/1 


20-50 ml,1 


Triglyceride 


Supertraic 






Supcitratc, 






Cholesterol 
HDL 
Sapertr&te 
Cholesterol 
(all available 
through. Bayer) 


Sodium Fluoride 


0.05 gfl 


0.O-O.5O g/l 


Other halidts 


Sulfasalazine 


0.10 g/l 


0.0-0.50 g/l 


Other 

antioxidants 


a-Tbcophciol 


0.05 g/l 


0.0-0.30 g/l 


Ascorbic acid, 


(Vitamin E) 






BUT, 






Dcfcroariniinc 
MesyUte, 
Probucol, Rutin 
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concentration of 0.037% glutaraldehyde). After a 22° C. 
incubation, the cells arc again washed in (he diluent and are 
ready for use. The same procedure can be used for bovine or 
porcine. 

The reticulocytes are prepared by encapsulation of yeast- 
RNA as described in U.S. Pal. No. 5,432,089, incorporated 
by reference. 

The white blood cell component may be set up with red 
blood cells for achieving differential stability, such as by 
maintaining tbcm at about 22° C. for about 20 days. 

The final control contains the following cellular concen- 
trating; (Table 7), exhibits a hislogram/scaltcrgram profile 
that includes a properly positioned five-part differential of 
white blood cells and reticulocytes, substantially approxi- 
mating whole blood and is stable for 200 days or more, *i nis 
control provides such results for the Cell Dyn scries, the 
Bayer H*3, and the Sysmex SF instruments. 



TABLE 7 



Value* 


WBC 


*N 


2>L 


%M 


% E 


%B 


RBC 


RBO> 


HCT 


MCV 


MCHC 


RDW 


%R 


IRF 


PLTo 


PLTi 


MPV 


Lew 


365 


43.] 


41.7 


3J.0 


1.94 


232 


3,82 


3.80 


30.6 


60.6 


34.9 


13.1 


5.38 


.212 


67.6 


69.4 


10.2 


Normal 


7.92 


55.9 


31.0 


30.4 


1.31 


130 


5.01 


4.97 




85.5 


35.0 


13.0 


2.79 


.184 


379.0 


196.0 


9.9Q 


High 


19.2 


S9S 


23.3 


34.8 


1.86 


.213 


5.51 


5.39 


48.6 


88.2 


33.8 


16.4 


.736 


.390 


381.0 


443.0 


10.2 



TABT.E 6 



Cell 


Range (approximate of while blood cells) 


Lymphocytes 


20 to 45% 


Monocytes 


2 to J0% 


Neutrophils 


40 to 75% 


EosbophD 


1 to 6% 


Basophils 


Up to 1* 
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Further Alternative Exemplary Embodiment 
For the red blood cell component, a diluent containing Mg 
Gluconate and EDTA (e.g., about 3.92 g/l Mg Gluconate; 
7.04 g/l CDTA-Dtsodium; 2.68 g/l NA-HPO,,; glucose 6 g/l; 45 
and antimicrobials (pH of 7,1 and osmolality using KCI of 
about 300)) stabilizes red cells so that red cell parameters arc 
stable for 200 days. 

The white blood cell component is prepared from fresh 
human while blood cells. The cells are washed free of red 50 
blood cells and platelets using the above diluent. The cells 
are suspended in phosphate buffered saline with an osmo- 
lality of 280 and pH of 7.2. A solution of 20% Nuosepl 145 
(lluls America) is mixed wilh the white blood cells 1:1 to 
give a final concentration of about 10% (e.g., 9.11%). The 5s 
mixture is placed at a temperature of about 37* C. to about 
50* C. for six days or more. Thereafter, the cells are washed 
one or more times (e.g., 3 times) in a suitable diluent, e.g., 
a diluent such as Tabic 1, centrifuged (e.g., about 900 rpm 
for 10 minutes) and resuspended in a diluent such as in Table 60 
1 (having no glucose and a pH of about 7). 

The platelet component is prepared by washing human 
platelets free from whole blood components by low speed 
centrifugalion (900 RPM for 10 m in.). The platelets are then 
stabilized by addition of a low level of ghitaraldchyde- The 65 
platelets arc stabilized by mixing 1:1 wilh the magnesium 
gluconate diluent containing 0.075% glutaraldehyde (final 



Accordingly, the foregoing discussion discloses and 
describes merely exemplary embodiments of the present 
invenlion. One skilled in ihe art will readily recognize from 
such discussion and from the accompanying drawings and 
claims, that various changes, modifications and variations 
can be made therein without departing from the spirit and 
scope of the invention as defined in the following claims. All 
patents and other publications cited herein are expressly 
incorporated by reference. 

We claim: 

1. A hematology control composition comprising: 

a) a stabilized reticulocyte component; and 

b) a fixed and stabilized white blood cell component 
capable of exhibiting a five-part differential. 

2. The control composition of claim 1, wherein the 
reticulocyte component comprises reticulocytes or an analog 
thereof. 

3. The control composition of claim 2, wherein the 
reticulocyte component comprises reticulocytes prepared by 
human red blood cell encapsulation. 

4. The control composition of claim 2, wherein the 
reticulocyte component comprises reticulocytes prepared by 
isolation from whole blood. 

5. The control composition of claim 1, wherein the white 
blood cell component comprises a member selected from the 
group consisting of white blood cells for cellular types, 
white blood cells for all pheootypes and mixtures thereof. 

6. The control composition of claim 5, wherein the white 
blood cell component comprises a member selected from the 
group consisting of white blood cells that are stabilized with 
glutaraldehyde; with glutaraldehyde and formaldehyde; or 
with 20% NuoSept 145. 

7. The control composition of claim 5, wherein the white 
blood cell component includes fixed cells exhibiting char- 
acteristics of each of: 
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a) lymphocytes in an amouDt of about 20 to 45% of said 
white blood cell component; 

b) monocytes in an amount of about 2 to 10% of said 
white blood cell component; 

c) neutrophils id an amount of about 40 lo about 75% of 
said white blood cell component; 

d) eosinophils in an amount of about 1 to 6% of said white 
blood cell component; and 

e) basophils in an amount up to about 1% of said while 
blood cell component. 

8. The control composition of claim I, further comprising 
a red blood cell component. 

9. The control composition of claim 1, further comprising 
a nucleated red blood cell component. 

10. The control composition of claim 9. wbereio the 
nucleated red blood cell components comprise avian red 
blood cells. 

11. The control composition of claim 1, further compris- 
ing a platelet component that comprises simulated platelets. 

12. The control composition of claim 11, wherein the 
simulated platelets comprise goat red blood cells, 

13. The control composition of claim 1, further compris- 
ing a platelet component. 

- 14. The control composition of claim J, further compris- 
ing a reliculated platelet component. 

15. A method of analysis of whole blood comprising the 
steps of: 

a) providing a blood control composition including a 
reticulocyte component; and a white blood cell com- 
ponent capable of exhibiting at least a three-part dif- 
ferential; 

b) providing a multi-parameter automated hematology 
instrument; 

c) providing a sample of patient blood; 

d) analyzing said blood control composition in said instru- 
ment for white blood cell and reticulocyte readings; 

e) analyzing said sample of patient blood in said instru- 
ment for white blood cell and reticulocyte readings. 

16. A method of making a hematology control composi- 
tion for use with multi-parameter hematology measuring 
systems, comprising the step of mixing a reticulocyte 
component, a white blood cell component and a lipoprotein 
in an isotonic suspension medium. 

17. The method of claim 16, wherein the reticulocyte 
component comprises reticulocytes or an analog thereof. 

18. The method of claim 16, wherein Ibe white blood cell 
component comprises a member selected from the group 
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consisting of white blood cells for cellular types, white 
blood cells for all phenotypes and mixtures thereof. 

19. The method of claim 18, wherein the white blood cells 
for cellular types comprise; 

a) lymphocytes; 

b) monocytes; 

c) neutrophils; 

d) eosinophils; and 

e) basophils. 

20. The method of claim 16, further comprising a red 
blood cell component. 

21. The method of claim 16, further comprising a nucle- 
ated red blood cell component. 

22. The method of claim 21, wherein the nucleated red 
blood cell component comprises avian red blood cells. 

23. The method of claim 16, farther comprising a platelet 
component. 

24. The method of claim 23, wherein said platelets 
component includes goat red blood cells. 

25. The method of claim 24, further comprising a reticu- 
lated platelet component that comprises goat red blood cells. 

26. A system for measuring components of blood, com- 
prising: 

(a) an automated lest instrument, and 

(b) a control for use in said test instrument, said control 
comprising: 

1. a white blood cell component; 

2. an isotonic suspension medium having an agent 
therein for assuring a properly positioned five-part 
scattcrgram is obtained of the white blood cell sub- 
populations; 

3. a component selected from the group consisting of a 
red blood cell component; a nucleated red blood cell 
component; a platelet component; a reticulated plate- 
let component and mixtures thereof; and 

4. a reticulocyte component. 

27. The system of claim 26, further comprising a device 
for visually displaying the results of a test using said system. 

28. The system of claim 26, further comprising of a bar 
code scanner. 

29. The system of claim 26, wherein said instrument 
detects cells using the Coulter principle. 

30. The system of claim 26, wherein said instrument is a 
STKS instrument. 

31. The system of claim 26, wherein said instrument is a 
Gen-S instrument. 
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HEMATOLOGY CONTROL AND SYSTEM 
FOR MULTI-PARAMETER HEMATOLOGY 
MEASUREMENTS 

CLAIM OF BENEFIT OF EARLIER FILING 
DATE 

This application is a continuation of application number 
Ser. No. 09/504,816 filed on Feb. 16, 2000, now U.S. Pal. 
No. 6,221,668, which is a continuation-in-part of application 
Ser No. 09/378,608, tiled on Aug. 20, 1999, now U.S. Pat. 
No. 6,200,500. 

FIELD OF THE INVENTION 

The present invention relates generally to hematology 
control compositions and systems and, more particularly, to 
a hematology control composition and system used to mea- 
sure a plurality of parameters la a sample of blood with a 
multi-para meter automated hematology instrument. 

BACKGROUND OF THE INVENTION 

Hematology controls for various automated iastruments 
that measure, for example, red and white blood cell counts 
and platelet counts, are known in the art and are described 
in the following U.S. Pat. Nos.: 3,558,522; 3,873,467; 
4,179,398; 4,219,440; 4,299,726; 4,324,687; 4,358,394; and 
4,436,821 (incorporated by reference herein). Currently, 
blood analysis requires the use of one or more of several 
different instruments and, subsequently, different blood 
samples and blood sample preparations to analyze the vari- 
ous components of blood. Several hematology instruments, 
however, now have the capability of measuring various 
parameters of blood without requiring separate sample 
preparation for each parameter being tested. Such instru- 
ments include ihe Beckman Coulter STKS or Geo-S 
Systems, the Abbott Cell-Dyn 4000 Hematology System, 
Bayer AD VIA 120, and the System XE2100 System. These 
improved automated instruments can measure one or more 
of: 1) reticulocytes, 2) red blood cells. 3) nucleated red blood 
cells, 4) platelets, 5) reticulated platelets, 6) while blood 
cells, including lymphocytes, monocytes, neutrophils, 
eosinophils, basophils, and 7) white blood cells with all 
phenotypes. It would thus be desirable to provide a hema- 
tology control composition that could be used as a control in 
connection with these instruments. 

In the preferred embodiment, a hematology control com- 
position for use with a mu It i- para meter automated hematol- 
ogy instrument includes a liquid suspension of particulates 
that has measure able characteristics like whole blood. The 
control composition includes one or more blood cells (Le. 
cells handled or treated to simulate such a component as 
found in whole blood) or their analogs (collectively referred 
to as blood cell components), that may or may not be fixed, 
stabilized, or prepared by other treatment prior to final 
suspension. In different embodiments, the blood cell com- 
ponents may be derived from a source that will exhibit the 
size, shape or other measurable characteristics of human, 
animal, or other whole blood. By way of examples, U.S. Pal. 
Nos. 4,198,206; 4,436321; 5,008,021; 5,262,327; 5,270, 
208; 5,432,089; 5,460,797; 5,672,474; 5,677,145; 5,731, 
205; 5,811,099 and 5,981,282, which are each hereby incor- 
porated by reference, each contain examples of these types 
of blood cell components. The control has one or more blood 
component to resemble corresponding components in whole 
blood when measured by the multi-parameter automated 
hematology instrument. When so measured, the control 
composition would assist in the calibration, operation, and 
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accumulation of quality assurance data for the multi- 
parameter automated hematology instrument. 

Also of potential interest may be U.S. Pal. No. 5,888,790 
and "Improved Isolation of Normal Human Reticulocytes 
5 via Exploitation of Chloride-Dependent Potassium 
Transport," Sorette et al., Blood, \bl. 80, No. 1 (Jul. 1), 
1992: pp. 249-254; hereby incorporated by reference. 

SUMMARY OF THE INVENTION 

10 

A hematology control and system for multi-parameter 
hematology measurement is provided. The hematology con- 
trol provides values for the various constituents of blood that 
the multi-parameter hematology instrument is capable of 

w measuring. The hematology control composition comprises 
components for simulating reticulocyte, white blood cell, 
red blood cell, nucleated red blood cell, platelet or reticu- 
lated platelet constituents of whole blood. 
Methods of making and using the hematology control 

20 composition of the present invention arc also provided 
herein. 

The system of the present invention also includes a 
hematology instrument, a control, and may further include 
output or readout devices. In one embodiment the system 
25. includes other peripheral devices, such as a .device for 
tracking samples and associating them with particular data, 
such as a bar-code scanner system. 

DETAILED DESCRIPTION OF THE 
x PREFERRED EMBODIMENTS 

The hematology control composition of the present inven- 
tion comprises components for simulating one or more of 
the following constituents of whole blood: reticulocytes, 

„ white blood cells, red blood cells, nucleated red blood cells, 

* platelets, or Teticulated platelets. In one embodiment the 
components are suspended in an isotonic medium, prefer- 
ably including lipoprotein. The hematology control compo- 
sition of the present invention provides values for various 

^ constituents of blood that a hematology instrument, such as 
a multi- parameter hematology instrument, is capable of 
measuring. Examples of multi-parameter hematology instru- 
ments include those available commercially without 
limitation, under the designations Beckman Coulter STKS 
or Gen-S Systems, the Abbott Cell-Dyn 4000 Hematology 
System, Bayer AD VI A 120 System, the System XE2100 
System, or the like. 

The present discussion includes multiple approaches to 
making a control ia accordance with the present invention, 

5D it being recognized that one highly preferred embodiment 
contemplates a control having components that simulate the 
characteristics of whole blood for purposes of obtaining 
readouts on a Beckman Coulter GEN-S instrument for red 
blood cells, the five populations of white blood cells, reticu- 

55 locytes and platelets. Thus, a suspension is provided that 
includes a plurality of particles that exhibit similar light 
scattering, conductivity, impedance, optical (including 
fluorescence), photometric, or other property responses 
detected by the ioslrumeni in operation, as would the cor- 

w responding components of whole blood. 

It will be appreciated that the term "control composition" 
as used herein means one or more blood components (i.e., 
blood constituents as well as analogs thereof), which when 
combined or used alone, sufficiently simulate the relevant 

us characteristics of whole blood for which the instrument 
tests. The following addresses the preparation of various of 
the constituent components. The control of the present 
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invention contemplates an admixture of iwo or more blood Optionally, about 0.5 lo about 5.0% and more preferably 

components, and preferably a reticulocyte component and a about 0.75% of Streck Laboratories product number 233301, 

component simulating at least three, and preferably five also known as STA-CELL (available from StTeck Labora- 

subpopulations of white blood cells. Percentages are by lories (Omaha, Nebr.)) is added. In the present illustrated 

volume unless otherwise indicated. 5 embodiment, the cells are thus treated in a manner that 

would make them susceptible to a detection stain (e.g.. 

Reticulocyte Component methylene blue). 

The reticulocyte component of the control composition In anolber embodiment, the reticulocyte component is 

includes a component that exhibits the relevant characteris- fixed (such as with an aldehyde or other suitable fixative) in 

tics for detection of reticulocytes using a hematology instru- 10 a lactose or other suitable diluent. A like diluent absent the 

menl in accordance wilb the present invention. Accordingly, fixative may also be employed for washing. 

the control may suitably contain stabilized reticulocytes D , . ~ n ~ , 

(that is, immature anucleate red blood cells containing some Wlu * Blood ^ Com P° Dcnt 

ribonucleic acid) or an analog thereof. For example, among In the present embodiment, the component of the control 

possible embodiments, the reticulocyte component may 15 (hat is to simulate the characteristics of white blood cells in 

comprise true mammalian reticulocytes prepared for whole blood is prepared from a biological material. More 

iastancc by mammalian (e.g. human) red blood cell encap- specifically, the material is a cellular biological material, and 

sulation or by isolation from whole blood. The reticulocyte preferably the material includes human white blood cells 

component Is prepared in any suitable manner. See, , U.S. (although blood cells from any suitable animal may be 

Pat. No. 5,432,089, incorporated by reference. Alternatively, 20 employed). In a preferred embodiment of the present 

it is possible to obtain suitable reticulocytes by obtaining invention, the white blood cell component includes raateri- 

bkxxl from an anemic animal (e.g., a pig, goat, rabbit or the a is fo r replicating the relevant measurable characteristics for 

like). some or all of each of the five white bfood cell types, namely, 

In one particularly preferred embodiment, the reticulocyte lymphocytes, monocytes, neutrophils, eosinophils and 

component is prepared by ah encapsulation method, using 25 basophils, and they in turn are provided at their art-disclosed 

non-rcticulocyte bbod cells, such as red blood cells from a levels (see e.g., Table 6). 

human or other source. The red blood cells are encapsulated The white blood cell compooent of the hematology con- 

and stabilized. By way of illustration, in one embodiment, trol composition comprises a blood cell (e.g. white blood 

red blood cells having a relatively high MCV (e.g., about 85 cell) or analog thereof, selected from the group consisting of 

to about 95 fl., and more preferably about 88 to about 92 fL) ' white blood cells for various cellular types, white blood cells 

arc provided. for all phenotypes, and mixtures thereof. U.S. Pat. Nos. 

The cells arc washed in a suitable diluent (e.g., about 0. 15 5,270,208 and 5,262327, incorporated herein by reference, 

M NaCl) in one or more washing steps. The cells are then provide examples of a suitable white blood cell component 

concentrated to a desired hematocrit value, e.g., greater than 3J (see also U.S. Pal. No. 5,529,933, hereby incorporated by 

aboul 50%, and more preferably greater than about 70%. reference). Of course, the skilled artisan will appreciate thai 

The cells are then encapsulated with RNA. By way of the subject invention is not limited to white blood cell 

example. RNA is encapsulated into Ihe red blood cells by a components prepared from only white blood cells. Analogs 

suitable lysis step, e.g., by hypotonic lysis. This may be done prepared from any of a variety of other sources are possible, 

in a number of ways, including by mixing red blood cells ^ including but not limited to red blood cells from birds, 

with a solution of RNA having an appropriate pH and reptiles, mammals, etc. 

osmolarity. For instance the solution may contain a minor The cells are provided in packs (e.g., 2 to 3 packs per 

amount of RNA (more preferably about 1%), and has a pH bottle). The cells are treated by a series of steps for selec- 

berween about 7 and 8 (more preferably about 7.6). The lively lysing any undesircd blood cells present in the mate - 

solution is adjusted (e.g. with NaCl) to obtain an osmolarity 45 rial as provided; for washing the cells; and for fixing or 

of about 40 mOsra. otherwise stabilizing the cells. 

The red blood cells arc mixed with the RNA solution in Selective lysing may be accomplished in any suitable 

a suitable proportion, which may vary as desired. In a manner, for instance, by contacting the undesired blood cells 

present preferred embodiment, the volume ratio of packed with a lysing agent, Any suitable lysing agent may be 

red blood cells lo RNA solution is about 0.8 to about 5 o employed. Buffered halides, such as ammonium chloride 

1.2:about J to about 2, and more preferably is about 1:1.4. and Tiizma Based (e.g., about 7.5 g ammonium chloride and 

Before lysing, or at an early stage of the lysing, the red blood 2 g Tris per liter), illustrates one suitable class of lysing 

cells and (he RNA solution are pre -incubated, such as by agents, where the undesired cells include red blood cells, 

heating lo above room temperature (e.g., aboul 37 degrees Lysing is accomplished through a series of consecutive 

t). 'JTsc cells are lysed in the admixture, and thereafter, Ihe 55 washing steps with the lysing agent. Optionally, before the 

red blood cells are re-sealed. By way of example, the red lysing, the cells are subjected to a preliminary fixing step, 

hlood cells are re-scalcd by introducing them to a salt such as by contacting them with a suitable fixing agent, 

solution and then healing above room temperature (e.g., healing Ibem or both. For instance, the cells are contacted 

adding aboul 0,15 volume of about 12% NaCl solution, and with a buffered antimiCTObial saline solution (optionally 

then beating or annealing the cells to about 37 degrees C for 60 including a diluent as described in Table 4) including a 

about one hour). suitable amount of a fixative (e.g., about 0.11% 

The resulting mixture is poured into a separalory funnel formaldehyde), 

and allowed to incubate for a suitable time, e.g., for at least The lysing may be done in a single step or a plurality of 

about 18 hours at room temperature. Thereafter, cells from steps (e.g., for about one hour, then for about 25 minutes), 

the bottom portion of the funnel arc collected (e.g., from 65 where after each step, the lysing agent is removed and fresh 

about the bottom 70% or lower), *J"he cells are washed with agent is introduced. After lysing, the cells are washed to 

a suitable diluent, such as the diluent from Table 1 or 4. remove ihe lysing ageol. Any suitable wash composition and 



Case: 8:06-cv-00458-JFB-TDT Document #: 6 Date Filed: 06/29/2006 Page 26 of 33 



US 6,3S 

5 

technique may be employed. For instance, tbe aforenoted 
buffered antimicrobial saline solution (absent a fixing agent) 
may be employed. Using this solution the cells are washed 
in at least one step and preferably two steps, wherein the 
cells are ecntrifuged at a suitable rate (e.g. about 900 rpra for 
about 10 minutes) (e.g., about 200xg). 

Prior to fixing, it may be preferable to further pre-treat the 
cells in an albumin-containing diluent, such as about 2% 
BSA in a diluent such as that of Table 1. Preferably the 
diluent has a pH of about 8 and an osmolarity of about 175 
to about 300 (e.g. about 215). Any suitable period of 
pre -treatment may be employed, e.g., about one hour, when 
maintained at about 6 degrees C. 

The cells are fixed in any suitable manner sufficient to 
denature the protein on the cell surface. The cells may be 
heated, contacted with a fixing agent or both. The skilled 
artisan will recognize that, though the preferred fixing ageot 
is an aldehyde, any suitable agent (preferably in a hypotonic 
solution) may be used, including for instance, those con- 
taining an aldehyde, an alcohol, a heterocyclic urea (e.g., 
diazolidinyl urea (known as DU), imidazolidinyl urea 
(known as IDU) or a mixture thereof) or a mixture thereof. 
Among tbe suitable fixing agents, one particularly effective 
alcohol-containing agent is 50% by volume — [l-melhyl-2- 
*(5-raelh"yl-3-oxazolidinyl)-ethoxy]methoxy]methanol (e.g:, 
NUOSEPT 145, from HULS America, Inc.), or a mixture 
therof. In one present preferred embodiment, the aldehyde is 
selected from the group consisting of formaldehyde, 
glu tar aldehyde, and mixtures thereof. 

By way of illustration, a fixing admixture is prepared to 
include about 10 parts cells, about 20 parts distilled water, 
an agent for enhancing osmolarity across the cell membrane, 
for aiding in the formation of clusters in scattergram popu- 
lation readouts or both (e.g., about 5 g/1 of a sugar, such as 
sorbitol), an agent for helping to stabilize the readout of 
monocytes (e.g., about 4% DU), and a fixing agent, such as 
about about 4 parts formaldehyde, and about 0,1 parts 
glutaraldehyde. Fixing is performed for a suitable amount of 
lime and at a suitable temperature. Using this fixing agent, 
for example, fixing is performed for about 2 to about 3 days 
at about 22 degrees C (i.e., warmed prior to fixing after 
refrigeration). 

Fixed cells arc washed with a suitable rinse material (e.g., 
a cell stabilizer in a diluent) to remove (be fixing agent. By 
way of illustration, two washes are made during centrifu- 
gation at about 900 rpm for about 10 minutes (e.g., about 
200xg), in a solution including a metal halide (e.g., about 
5% NaF) cell stabilizer in a diluent (e.g. a diluent having the 
composition as outlined in Table 2). 

In another illustrative embodiment, when preparing the 
white blood cell component for the control composition of 
the present invention, tbe cells are obtained by standard 
separation from whole blood or from portion of previously 
fractionated whole blood containing the desired cell popu- 
lation. The cells are resuspended, for instance, in a phos- 
phate buffered solution containing polyethylene glycol 
20,000 (PEG), ethylenediamine tetraacetic acid (UDTA) and 
magnesium gluconate with 2% bovine serum albumin. The 
osmolarity of this solution is preferably sufficient to swell 
tbe white blood cells prior to fixation (e.g. about 215 mosm). 
The cells may then be stored in this solution, e.g. at about 6° 
C. for 1 hour. 

Tbe cells are fixed in a suitable media in order preferably 
to denature the surface or otherwise accomplish preserving 
the cell morphology. To illustrate, in one embodiment, in a 
solution of distilled water containing 5 g/1 sorbitol, 7.4% 
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formaldehyde and 0.125% glutaraldehyde. Of course, other 
suitable fixing agents may be used in suitable amounts. In a 
highly preferred embodiment, the white blood cells and the 
fix solution are maintained at a temperature sufficient to 

5 provide a proper while blood cell position (e.g. between 
about 4° C. and 12° C). The fixative is added to the cells at 
a suitable ratio. For example, in one embodiment, a ratio of 
between 10 ml of cell suspension to 24 ml of fix solution is 
used. The distilled water in the fix solution swells the white 

10 blood cells further, while the fixative stabilizes ihe cell 
membrane. The cells are thus left in the fixative for 2 days 
at room temperature. 

After fixation, the cells preferably are washed. In one 
aspect, they are washed in a phosphate buffered solution. 

15 One such solution contains polyethylene glycol, (PEG), 
ethylcnediaminetetraactic acid (EDTA), magnesium glucon- 
ate and bovine serum albumin. Lipoprotein concentrate is 
added at 150 mg/dl HDL to store the cells prior to use in 
order to improve the stability of the scattergram position 

20 while the white blood cells are waiting to be added lo the 
other components of the control composition. 

It will be appreciated that white blood cells prepared as 
described in U.S. Pat. No. 5,459,073 (incorporated herein by 
reference) for flow cytometry may be employed for pbeno- 

25 typing. By mixing the two types of white cells, both require- - - 
ments can be met, i.e., white blood cells for various cellular 
types and phenol ypes, as the cells prepared for pheoo typing 
generally should not interfere with the position of other 
white blood cells on ihe histograms/scattergrams. 

In controls for certain instruments, white blood cells may 
need to be diluted or concentrated, for example, for Ihe 
Cell-Dyn instruments a dilution to a count of 10,000 is 
preferred. 

35 Red Blood Cell Component 

In the present embodiment, the component of tbe control 
that is to simulate the characteristics of red blood cells in 
whole blood is prepared from a bio-compatible material. 

4Q More specifically, the material is a cellular biological 
material, and preferably the material includes human red 
blood cells (although analog blood cells from any suitable 
animal may he employed). 
The cells as provided axe separated from the liquid 

45 medium or supernatant in which it is supplied through any 
suitable separation technique, including bul not limited to 
centrifugation, filtration, or the like. The cells arc washed in 
a series of one or more (e.g., 3) consecutive washing steps, 
pursuant to which excess supernatant is removed. The cells 

so preferably are washed in a (e.g. such as the diluent of Table 
2) and optionally one or more additional components 
selected from the group consisting of a cell stabilizer, an 
albumin, an agent for reducing the likelihood of cell hemoly- 
sis in the presence of oxygen, and mixtures thereof. In a 

55 more preferred aspect, the additional components are 
selected from tbe group consisting of a metal halide cell 
stabilizer, bovine serum albumen (BSA), an antioxidant and 
mixtures thereof. In still a more preferred embodiment, tbe 
diluent is one such as that of Table 4, and it will include 

60 about 0.003 to about 0.010 (and more preferably about 
0.005%) NaF, about 2% BSA, about 0.005 to about 0.020 
(and more preferably about 0.010%) sulfasalizine. The dilu- 
ent of Table 1 likewise may be used as desired. 
Optionally, depending upon the end use and commercial 

65 considerations, one or more agents for reducing the rate of 
degradation is employed in a suitable amount; for example, 
about 0.25 to about 2.0%, and more preferably about 0.75% 
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of a material available from Slreck Laboratories (Oraaba, Ihe cells may be farther treated as desired by the addition of 

Nebr.) under the product number 233301 or the designation a suitable amouDl of STA-CELL (e.g., about 0.75%) from 

STA CELL (which material may also be suitably added for Sireck Laboratories, Inc. (Omaha, Nebr). 

one or more of the other components). Further, optionally, . n 

the cells preferably are prepared in an environment substao- 5 Nucleated Red Blood Cell Component 
Tially free of glucose. lo yet another optional embodiment, When employed, the nucleated red blood cell component 
the cells are fixed (e.g., by a suitable protein denaturation 0 f the control composition of the present invention corn- 
step, such as by ghitaraldehyde fixing) after washing and prises nucleated red blood cells or an analog thereof, such as 
then further washed. avian red blood cells, e.g., turkey or chicken red blood cells. 

The cells may be washed for any suitable period of lime, *° For example, lurkey red blood cells are washed into a 

and resuspended (in the same wash or a different one, e.g., phosphate buffered solution and set to a count of about 

one having a higher concentration) any suitable number of xl07mm3. The cells are fixed with a phosphate solution 

times, (volume equal lo the cell volume)+0.4% v/v glutaruldcbyde, 

The skilled artisan will appreciate thai the red blood cells al ™> m temperature for one day and then washed into a 

may be washed free of all other cellular material, such as by 15 phosphate buffer. 

using a magnesium gluconate diluent. The fixed lurkey red blood cells are added to the control 

By way of further illustration, in another embodiment, composition of the, present invention to yield a cell count 

concentrated red blood cells are provided, separated from ^allu at least 10% of Ihe wbUe blood ceU count m order 

associated supernatant, and concentrated human red blood M |?P^ NRBC f on the Coulter STKS or tbeCeU- 

cell packs are suspended in a solution (e.g. phosphate 20 ^ne 4000 manufactured by 

buffered solution containing PEG (MW-20,000)) and P™** « anro ^ contemplates the use of turkey cc to 

allowed to settle overnight, 'lbe supernatant is then removed «l»s from other ceU sources may be employed as the skilled 

and 0.5% NaCl with PEG is added in an equal volume to the artisan wU appreciate. 

packed red blood eelU and allowed to set al room tempera- 2$ platelet Component 

tu rc f or 4-5 hours, The supernatant is again removed and the - _ _ - - 

cells are resuspended in the NaCl solution and stored at 6° In a preferred embodiment of the present invention, the 

C overnight. The packs are further checked for excessive hematology control composition additionally provides a 

hemolysis and removed from the inventory. The remaining platelet component, preferably a simulated platelet compo- 

packs are pooled into batches based on the MCV's, wherein neni. Among mher possible types, the platelet component 

twelve to fourteen packs are combined to make a batch. The " may comprise stabilized human platelets or platelets simu- 

batches axe again resuspended in the NaCl solution for about lated from goal, bovine or porcine blood cells. In one 

4-5 hours al room temperature. Of coarse, other times and embodiment, they are prepared from red blood cells. See, 

temperatures may be employed. U.S. Pat. Nos. 4,160,644 and 4,198,206 incorporated herein 

Each batch is resuspended into a phosphate buffered 35 by reference disclose an example of a ^ table ptelet 

solution containing PEG, EDTA and magnesium gluconate. reference control and methods of Pf^^^teddW 

The cells are allowed to settle, the supernatant is removed will appreciate a number of other techniques for 

and the cells are resuspended in the above solution with preparing simulated platelets 

lower PEG concentrations for storage up to 90 days at 6° C. In general, how the platelets are prepared may depend 
One diluent efficient in stabilizing the red blood cells on 40 U P° D lhe of ' he , ccUs ^7, arc ar " mal 
the Coulter STKS includes a phosphate buffered solution *lood «"* » ^^^^^ " diets' 
containing PEG, Na 2 EDTA, magnesium gluconate and an shaped to resemble platelefc, or whether they are platele s 
antioxidant (e.g. suUasalazfne or tocopherol), wherein the *™ ^ ■ * n ral, ** "Us ™ «P^ n "^ 
antioxidant is ^ded to prevent herno&is when lhe lip*. ?«M sized and shaped and then fixed ^ - otherwise 
protein is added to the control composition of the present « s sUblbzcd m tcrmS of ^ and **** and ncutraUwd ■ 
invention. Tbe final diluent also contains about 2% bovine Tly way of example, the platelet component is prepared 
serum albumin lo improve the position of the white blood from animal blood cells, such as goat red blood cells. The 
cells After the cells have been washed into this diluent, cells are washed one or more tunes (e.g., about three times) 
STA-CELL from Slrcck laboratories (Omaha, Nebr.) is in a suitable buffered solution such as a buffered saline 
added at 0.75% to the total volume of red blood cells to give 50 solution (e.g., phosphate buffered saline solution). The solu- 
added stability lo the MCV'S uon mav also ™ clude a su liable amount of a chelating agent 
Optionally, in certain applications, it may be desirable to <c*. *oul ™ Xylene diamine tetraacetic acid (EDTA)). 
fix the red blood cells, after removing excess red blood cells, The cells optionally arc prefixed in a suitable manner lo 
such as bv a slow centrifugation. By way of example, for aid in the step of siting and shaping them. By way of 
such an embodiment, the diluent of Table 1 is employed. 55 illustration, the cells are contacted with a suitable pre-fix 
Cells are washed and resuspended in the diluent to a suitable solution ((e.g., one to one id tbe initial wash solution having 
concentration (e.g. about 4xl0 <s /mm 3 ). Preferably the pH is a fixative (e.g., about 0.0085% of ghitaraldehyde)). The 
about 7 and there is no glucose in the suspension. Approxi- amount of such fixing agent of course may be suitably 
mately one to one proportions of the cells are admixed wiih adjusted as needed to control the sizing rate (e.g., the 
the diluent and a suitable amount of a fixative (e.g., about 60 shrinkage rate). Preferably the pre-fix solution is warmed to 
0.007% to about 0.01% gluiaraldehvde (by count)) for a an elevated lemperalure (e.g., about 30 degrees Q, and 
suitable period and al a suitable 'temperature (e.g., 22 prefixing is performed for a sufficient time at such lemp era- 
degrees C for about one or iwo da vs). The resulting cells are ture (e.g., about 90 minutes). After lhe pre-fix step, Ihe 
then washed a plurality of limes (e.g., about 3 lo about 8) in supernatant is removed, such as by ceclrifuging, aspirating 
a like diluenl (preferably at a pH of between 7 and 8). The 65 or both. 

cells arc centrifuged at about 1500 foT about 15 minutes. In instances where the sizing and shaping is performed to 

Decanting and sonication is performed as needed. Moreover, shrink tbe cells and form a simulated platelet structure, lhe 
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cells preferably are lysed io a suitable manner (e.g.. using a cell membrane to permit entry of RNA into a cell, hemo- 
lytic agent such as ammonium chloride tris). During lysing, glohin to leave, ot both. The then cells arc sized or shaped 
the cell size and shape may be monitored using a suitable and slablizied. To illustrate, goal red blood cells are placed 
instrument sucb as the H3 by Bayer Corporation (a hema- i n a solution of about 0.9% NaCl and coocentrated to 
tology analyzer with a lasei optical detection system). The 5 70-80% hematocrit (HCT), Kqual volumes of concentrated 
cells are then washed one or more times with a suitable TC£ j blood cells and 4% RNA solution (20 mis of each) 
diluent (e.g., the diluent of Table 3) adjusted lo 300 mosm with a suitable salt (e.g., KC1) are 

Like with the aforenoted blood cells, the simulated plate- mixed together and dialyzed against 500 mis of a hypotonic 

lets are fixed in any suitable manner, preferably one that will solution, such as one containing glycerol (osm -90-100), for 

denature the protein on the cell surface. In a particularly 10 90 minutes at 6° C. Dialysis is required to slowly change the 

preferred embodiment, the cells are fixed in a one to one osmolarity without damaging tbe cells. The resulting osmo- 

solution with a diluent such as that of Table 3 and about larity change in the red blood cell solution is from about 300 

0.1% formaldehyde. Preferably the temperature of the fixing mosm to about 150 mosm. This process creates holes in the 

solution is elevated (e.g. about 37 degrees Q for a suitable 15 cell membrane to allow the RNA in the red blood cell 

period of lime (e.g., about 3 days). solution to enter the red blood cells. 

The cells arc then washed with a suitable wash to remove The osmolarity is brought back to isotonicity by dialyzing 

the fixative, preferably also taking measures to neutralize the red blood cells containing RNA against an isotonic 

any unreacled fixative that has not bound to the cell surface. solution. This dialysis is at room terrrperalure for 30 minutes 

To illustrate, preferably where tbe fixative is an aldehyde, a 20 and the final osmolarity of the cells is about 260 mosm. This 

suitable amount of a glycine solution is employed in the process reseals the boles that were created by the hypotonic 

wash. One or more additional washing steps may be dialysis, thus trapping the RNA inside the cells, 

performed, using one or more additional washes, as desired. Eighty milliliters of tbe resealing diluent containing 0.1% 

For instance, subsequent washing steps may be employed 2 5 _ Nuosept 101 is added to the encapsulated red blood cells and 

using the wash composition of Table 3, Table 4 or a mixture the mixture is healed at 37° C. for 3 hours. This heating step 

thereof. helps to lyse the weakened cells from the encapsulation 

It will be appreciated that the platelet component can be Process and anneals the membranes of the encapsulated red 

made from human blood, using any suitable process. By way blood cells. 

of example, without limitation, human blood is provided 30 To illustrate, goat red blood cells art separated from oiher 

(preferably in a diluent having a fixative (e.g., a diluent such constituents of goal whole Wood. For instance, cells are 

as that of Table 4 with about 0.10% formaldehyde). washed into PBS three times to remove the plasma and white 

Optionally, red bbod cells are removed, and the resulting cells. The concentration is adjusted to 8xl0 6 /mm3 and fixed 

cells are admixed with fixed cells. For instance, the red cells 35 with a volume of PBS equal to the cells that contain 

arc centriiugcd in quantities of about 400 ml per container 0.224-0.320% glutaraldehyde, providing the amount of pro- 

for about 10 minutes at about 900 rpm). tection needed to allow proper lysis during the shrinkage 

As-provided cells are placed in a fixative (e.g., about one step. The cells are incubated at 30° C. for one hour and 

to one proportions in a diluent such as that of Table 3 with centrifuged at 1200 RPM for 15 minutes. The supernatant is 

a suitable amount of a fixative (e.g., aboul 0.075% 40 removed and Ihe cell volume is adjusted tn one-fourth of 

glutaraldehyde)). Fixing is done at about 22 degrees C for fixcd volume. 

about 2 days. Following fixation, centrifugation is per- An ammonium chloride solution is added to Ibe cells to 

formed at about 1800 rpm for about 20 minutes (for 400 ml equal tbe original volume of fixed cells. Without intending 

container). The two separate collections of cells are brought 4S to be bound by theory, tbe ammonium chloride solution 

together and washed (such as in a Ixdiluenl like that of Table creates boles in the membrane to allow hemoglobin to exit 

t) 1 andthcncemrifugcd(c.g.ataboutl800rpmforabout20 to the cells, while tbe glutaraldehyde protects from total 

minutes). Optionally, the platelets are decanted from lysis. The cells are monitored for hemoglobin loss based on 

residual red bbod cells. Sonication may be used as desired (MPV) decreases on a Bayer H-l. When the MPV is at lOfl 

to address platelet clumping. Decantalion may also be used 50 on the Bayer H-l, the cells are diluted with a phosphate 

as desired lo assure debris and red blood cells are removed. buffered solution and centrifuged at 1800 RPM for 20 

Resulting materials are then resuspended in a diluent. An ™ c supernatant is removed and the cells are 

example of a suitable diluent would be thai of Table 1 having washcd 10 rcmovc * c frce hemoglobin and shrink .the 

no glucose and a P H of about 7. 55 membrane around the hemoglobin to produce an MPV of 

approximately 10 fl on impedance instruments, sucb as the 

Reticulated Platelet Component s+IV, manufactured by Beckman Coulter. 

In another embodiment of the present invention, the When the MP Vis at lOfl on the H-l, tbe cells are diluted 

control composition comprises a reticulated platelet com- with a phosphate buffered solution and centrifuged at 1800 

ponent. To illustrate, without limitation, goal red blood cells 60 RPM for 20 minutes. Tbe supernatant is removed and tbe 

with encapsulated nucleic acids would constitute one cells are washed to remove the free hemoglobin and shrink 

example of a reticulated platelet component useful for the the membrane around the hemoglobin to produce an MPV of 

present invention. Other analogs may be used as well. approximately 10 fl on impedance instruments, sucb as the 

By way of further illustration, in another embodiment, 65 S+IV, manufactured by Beckman Coulter, 

reticulated platelets for the control composition of the In a more preferred embodiment, to prevent further loss of 

present invention are prepared by inducing a porous blood hemoglobin and shrinkage of the membrane, the cells are 
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fixed more thao once, for instance, with 0.04% ghitaralde- 
hyde in a volume of phosphate buffered solution equal lo the 
cell volume at a count of Ixl0 6 /mm3. The cells are left at 
room temperature overnight and then washed. Though the 
present example contemplates the use of goal cells, cells 
from other cell sources may be employed (such as stabilized 
human platelets) as the skilled artisan will appreciate. 

Suspension Medium 

The present invention relates to a method of making a 
hematology control composition for use with multi- 
parameter systems, comprising the step of mixing one or 
more of a reticulocyte (rctic) component, a white blood cell 
component, a red blood cell component, a nucleated red 
blood cell component, a platelet component, and a reticu- 
lated platelet component in an isotonic suspension medium. 

The components of the control preferably are suspended 
in appropriate concentrations a suitable suspension medium 
thai permits the control to be processed through the auto- 
mated instrument. The suspension medium thus has a pH of 
about 6.5 to about 8.5 and is isotonic. By way of example, 
among the possible embodiments of the present invention, 
the isulunic suspension medium may comprise a buffer, 
antioxidant, protein or a mixture thereof, e.g., magnesium 
gluconate/ethylene diamine tetraacetic acid (EDTA)/ ^ 
phospate buffer with nucleated red blood cells; the same 
buffer with the additives HDL, sulfasalazine and alpha 
tocopherol; or the same buffer with 3% albumin. 





Approximate 
Thigct Count 


Approximate 
Vfolume Stock 


RBC: 
WBC: 

Pit (plalelett) 
Rctic (%') 
NRBC 


4.5 * lO^/mm 1 
6.0 x 10 3 ,'mm 3 
225 x IQ'/nun 3 

0.01* 


3,750 ml 
266 ml 
J 12 ml 
370 ml 
4.5 ml 



The combined constituents arc brought to a final total 
volume of 5 liters by adding a suitable final diluent (e.g., 
prepared according to U.S. Pat. No. 5,262,327, incorporated 
herein by reference (preferably including SUPERTRATE or 
a like substance)). The skilled artisan will appreciate that 
there arc other means and procedures to prepare this and 
other embodiments of the present invention. Moreover, 
concentrations can be varied to provide controls having 
predetermined abnormal readings when tested. 
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Lipoprotein 

While BSA in any diluent present improves the white 
blood cell position on the scattergram, lipoprotein is also 
preferably used in an amount effective lo provide a scatter- 
gram that represents whole blood, including the proper 
positioning of the five subpopulations of white blood cells. 
See U.S. PaL Nos. 5,270,208 and 5,262,327 incorporated by 
reference. A lipoprotein source, preferably one consisting 
essentially of high-density lipoprotein (i.e., HDL) is added &s 
at about 0.5 to about 8.0% by volume of the control, and 
more preferably at about 100-175 mg/dl to the control 
composition and a-Tocopherol is further added to the lipo- 
protein source to reduce peroxides produced by (he oxida- 
tion of the lipoproteins. An example of a suitable commer- 
cially available form of lipoprotein is SUPERTRATE 
(available from Bayer). 

Admixing Components 

Slock volumes of the constituent components arc pre- 
pared in the following approximate concentrations: 

RBC: G.OxlO^'mm 3 

WBC: 150,000/mm 3 / 
Platelets: 10x1 0 6 /mm 3 
Relics: 50% of 5.5xl(Vmm 3 red count 
NRBC: 0.5xJ0°/mm 3 

To prepare the final control composition, for example, in 
a 5 liter volume, slock volumes of the constituent compo- 
nents are combined as follows: 



Using Control 

The following discusses examples of methods of using the 
control composition to determine the accuracy and repro- 
ducibility of the operation of a multi -para meter automated 
hematology instrument. By way of example, a multi- 
parameter automated hematology instrument, such as a 
Beckman Coulter STKS or Gen-S Systems, the Abbott 
Ceil-Dyn 4000 Hematology System, Bayer AD VIA 120, and 
the System XE2100 System, is provided, optionally with a 
slide preparation module. The claimed control composition 
is obtained or prepared which includes, by way of example, 
i5 a treated stabilized human red blood cell component and a 
reticulocyte component with quality control values in an 
appropriate range, for example, 1.0%, 2.5%, and 9.0%, 
respectively. It is refrigerated prior to use. Al the beginning 
of testing, the control composition is allowed to warm to 
40 room temperature for about fifteen minutes, mixed 
manually, and checked for resuspension of contents. 

The control composition is prepared and analyzed by the 
same standard method as test samples which may be tested 
in batch quantities by the use of a suitable cassette having 
apertures for receiving test vials. After preparation, the 
control composition and lest samples are analyzed by count- 
ing the population number of each subject component type 
with a multi-parameter automated hematology instrument, 
so which will yield a visual display of the data. 

For a Coulter System, the automated test instrument may 
employ technology known generally as VCS Technology (as 
marketed by Beckman Coulter). VCS generally analyzes 
55 cell samples in view of simultaneous volume conductivity 
and Scatter measurements. Ordinarily, a starting sample is 
employed in combination with suitable reagents (which may 
comprise a component of a kit) and physical agitation for 
lysing and cell measuring by way of flow cytometry. 

Accordingly, the sample may be tested by the Coulter 
Principle of (DC) Impedance lo measure the cell volume in 
an isotonic suspension. 

Conductivity may be employed, for instance, by applying 
alternating current in 1ne radio frequency range. Energy can 
penetrate the cell by short circuiting the ceil membrane's 
bipolar lipid layer. 



60 
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Information about the cells is also possible with light 
scatter techniques, such as from the scatter characteristics 
detected from cells in response to a coherent light source, 
e.g. a laser beam. 

Of course, by no means is the mode of sample testing 
limited to the above. As mentioned other principles may be 
used. 

The respective population counts obtained from the analy- 
sis are compared either to known reference value for each 
component type in the control composition, or by compari- 
son of the population counts for each component types in the 
test sample with the corresponding values of components in 
the control composition. Data relating to the measurement of 
components in control composition and test samples is 
collected, monitored, stored, compared and analyzed by 
electronic means, such as a computer programmed wiib 
appropriate sofrware and containing appropriate data file 
structure. 

TABLE 1 



Reagents 


Most Preferred Concentration 


Distilled Water 


0.9 liter 


Methyl raubea 


0.40 g/l 


PEG 20,000 


3.00 g/l " 


EDTA, Diaodtom Silt 


7.04 g/l 


Magnesium Gluconate 


3.92 g/l 


Sodium PboKpbile Qthasic Anhydnxw 


2 fiS g/t 


Glucose 


6.0 g/l 


Sodium Hydroxide- pellets 


rut Rfl 


Adenosine 


0.25 g/l 


Inosine 


0.25 g/t 


Neomycin Sulfate 


0.40 g/l 


Chloramphenicol 


0.15 g/l 



"q.s. to 1 Liter 

Concentrated bovine serum albumin is added to lie product at the time of 
combining the various cell types to make the proltin concentration 3% of 
the liquid portion of the product. 
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TABLE 3-coniinued 



Reagents 


Most Preferred Concentration 


Neomycin Sulfate 


0.40 g/l 


Chloramphenicol 


0.15 g/l 


•q*. to 1 LUex 






TABLE 4 


Reagent* 


Most Preferred Concentration 



Distilled Walcr 

Methyl Paraben 

PEG 20,000 

ETJTA, Disodium Soil 

Magnesium Gluconate 

Sodium Phosphate Dibasic Anhydrous 

Glucose 

Sodium Hydroxide pellets 

Adenosine 

Inosine 

Neomycin Sulfate 
Sodium Fluoride 
Bovine Scrum Albumin 
Sulfasalazine 
Chloramphenicol 



1 titer 
0.40 g/l 
3.00 g/l 
11.73 g/l 
6.53 gfl 
4.47 g/l 
10 g/l 
1.40 g/l 
0.25 g/l 
0.25 g/l 
0.40 g/l 
0-05 g/l 
20 g/l 
0.10 g/l 
0.15 g/l 



TABLE 2 


Reagents 


Most Preferred Concentration 


Distilled Witer 


0.9 liter 


Methyl Paraben 


0.4 g/l 


PEG 20 JODO 


3.00 g/l 


EDTA, Disodium Salt 


11.73 g/J 


Magnesium Gluconate 


6.53 g/I 


Sodium Phosphate Dibasir Anhydrous 


4.47 g/l 


Glucose 


10 g/l 


Sodium Hydroxide pcllcis 


1.40 g,1 


Adenosine 


0.25 g,1 


InoBine 


0.25 g/l 


Neomycin Sulfate 


0.40 #1 


Sodium Fluoride 


0.05 g.1 


Chloramphenicol 


0.15 g,1 


\o J tiler 




TABLE 3 




Reagents 


Most Preferred Concentration 


Distilled Water 


0-9 liter 


Methyl Paraben 


0.4 g/l 


PEG 20/JUO 


3.00 g/l 


EDTA, Dtsodium Sail 


16.75 g/1 


Magnesium Gluconate 


9.33 &l 


Sodium Phosphate Dibasic Anhydrous 


6.39 g/l 


Sodium Hydroxide Pellets 


2.04 g/l 


Adenosine 


0.25 g/l 


Inosine 


0.25 g/l 



*Chol»trol Supcrualc containing a - Tocopherol is added to the product 
at the time of combining the various cell types. The cholcstro) supcrtrate 
is added (2-3%) to make the a • Tocopherol concentration about S mg % 
in the product 



The skilled artisan will appreciate that a number of ihe 
ingredients have been disclosed by way of specific example, 
but that any of a number of alternative ingredients at the 
35 suggested or different concentration, may be suitably sub- 
stituted for such ingredients. The following Table 5 illus- 
trates examples of various alternatives, and also includes a 
brief discussion of the commonly employed concentration 
40 ranges when employed in the diluents of Tables 1-4. Though 
the ingredients arc described by reference to a particular 
function, it should be appreciated that such discussion is 
presented without intending to be bound by theory. In some 
instances the ingredient will perform a different or an 
additional function. Moreover, the skilled artisan will appre- 
ciate that reference in Table 5 to the functions, in the context 
of the present preferred embodiments, could be made to 
select additional alternatives. Thus, there is no intention to 
be bound to the breadth of any specific illustrative ingredient 
or concentration, where it is apparent that others may be 
advantageously he employed in addition to or as a substitute 
for such ingredient. 



45 
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1 ikewisc, as desired, ingredients may be deleted from the 
diluent. Thus, a combination of some of the ingredients may 
be suitably employed to achieve desired results. 



Preferably, the diluent includes one or more agents that 
function as a surfactant, hemolysis inhibitor, red blood cell 
settler, MCV stabilizer, buffer, metabolite, osmolality 
adjuster, antimicrobial, antifungal, protein source, positioner 
of white blood cell subpopulatioo, antioxidant, debris 
reducer or a mixture thereof. 
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TABLES 





Pcef erred 


JtAQgjfi of 






Co 0 UCDtTBtiCTl 


control ntl LO EI 


Other* 


Polyethylene Glycol 


3.00 g/t 


1.00-10X0 g/l 


PEG 8000, F68 


(PEG MW 20,000) 








Dii odium EDTA 


11.75 ft 1 


7.00-17.00 & 1 


Tclrasodium EDTA 


Magnesium Gluconate 


6.50 g/l 




Lactose 


Sodium Phosphate 


4.50 g/l 


25-65 g/l 


Citrate, Borate, Trizma Base 






Sodium Bicarbonate 


Glucose 


moo g/l 


0-10 g/l 


Other sugats 


Adenosine 


0.25 g/l 


0.1-1.0 g/l 


toosine 


Neomycin sulfate 


0.40 g/l 


0.1-0.8 g/l 


Urepto-, Icana-myrin 


Chloramphenicol 


0.15 g/l 


0.1-O.4 g/l 


Pipcraciliio 


Mothy) Panned 


0.40 g/| 


0.20-1.20 g/l 


Other antifungal* 


Bovine Serum Albumin 


30.0 g/l 


0.0-60.0 g/l 


Other protein sources 


Cholesterol Supertretc 


30 mM 


20-50 mil 


Triglyceride Supcrtiitc, 






Cholesterol 








HDL Supcrtraic 








Cholesterol 








(all available through Bayci) 


Sodium Kluoride 


0.05 g/l 


0.O-O.50 g/l 


Other halides 


Sulfasalazine 


0.10 g/l 


0.0-0 50 ft 1 


Other antioxidants 


a-Tboopheiol 


0.05 g/l 


0.0-0.30 g/l 


Ascorbic acid, BHT, 


(Vitamin E) 






Defcroximine Mesylate, 






Probucol, Rutin 



TABLE 6 



Cell 


Range (approximate % of white blood cells) 


Lymphocytes 


20 to 45* 


Monocytes 


2 to 10% 


Neutrophils 


40 to 75% 


Eiosinoplii] 


1 to 6S» 


Basophils 


Up to i% 
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Further Alternative Exemplary Embodiment 

For the red blood cell component, a diluent containing Mg 
Gluconate and EDTA (e.g., about 3.92 g/l Mg Gluconate; 
7.04 g/l EDTA-Uisodium; 2,68 g/l NAjHPO^ glucose 6 g/l; 40 
and antimicrobials (pH of 7.1 and osmolality using KC1 of 
about 300)) stabilizes red cells so that red cell parameters are 
stable for 200 days. 

The white blood cell component is prepared from fresh 45 
human while blood cells. The cells are washed free of red 
blood cells aad platelets using the above dilueat. The cells 
are suspended in phosphate buffered saline with an osmo- 
larily of 280 and pH of 7.2. Asolution of 20% Nuosepi 145 



The platelet component is prepared by washing human 
platelets free from whole blood components by low speed 
ccDlrifugatioQ (900 RPM for 10 min). The platelets are then 
stabilized by addition of a low level of glutaraldebyde. The 
platelets are stabilized by mixing 1:1 with the magnesium 
gluconate diluent containing 0.075% glutaraldehyde (final 
concentration of 0.037% glutaraldehyde). After a 22° C. 
incubation, the cells arc again washed in the diluent and are 
ready for use. The same procedure can be used for bovine or 
porcine. 

The reticulocytes are prepared by encapsulation of yeasi- 
RNA as described in U.S. Pat. No. 5,432,089, incorporated 
by reference. 

The white blood cell component may be set up with red 
blood cells for achieving differential stability, such as by 
maintaining them at about 22° C. for about 20 days. 

The final control contains the following cellular concen- 
trations (Table 7), exhibits a bistogram/scatiergram profile 
that includes a properly positioned five-pan differential of 
white blood cells and reticulocytes, substantially approxi- 
mating whole blood and is stable for 200 days or more. This 
control provides such results for the Cell Dyn series, the 
Bayer H-3, and the System SF instruments. 



TABLE 7 



Value* 


WBC 


5cN 


%l 


%hi 


%n 


% B 


RBC 


RBCo 


HCT 


MCV 


MCHC 


RDW 




IRF 


PLTo 


PLTl 


MPV 


Low 


3.65 


43.1 


41.7 


UjO 


134 


2.32 


3.82 


3.80 


30.8 


80.6 


34.9 


13.1 


5.38 


.212 


67.6 


69.4 


10.2 


Normal 


7.92 


55.9 


31.0 


10.4 


1.31 


150 


5.01 


4.97 


42 8 


85.5 


35.0 


13.0 


2.79 


.164 


179.0 


196.0 


9.90 


High 


19.2 


59.9 


233 


14,8 


1.86 


.213 


551 


539 


48.6 


88.2 


33.8 


16.4 


.736 


.190 


381.0 


443.0 


10.2 



(Huls America) is mixed with the while blood cells 1:1 to 
give a final concentration of about 10% (e.g., 9.11%). The 
mixture is placed al-a temperature of about 37° C. to about 
50° C. for six days or more. Thereafter, the cells are washed 
one or more times (e.g., 3 times) in a suitable diluent, e.g., 
a diluent such as Table 1, centrifuged (e.g., about 900 rpm 
for 10 minutes) and resuspended in a diluent such as in Table 
1 (having no glucose and a pH of about 7). 



60 Accordingly, the foregoing discussion discloses and 
describes merely exemplary embodiments of the present 
invention. One ski lied in the art will readily recognize from 
such discussion and from the accompanying drawings and 
claims, that various changes, modifications and variations 
can be made therein without departing from the spirit and 

65 scope of the invention as defined in the following claims. All 
patents and other publications cited herein are expressly 
incorporated by reference. 
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We claim: 

1. A hematology control composition comprising: 

a) a stabilized reticulocyte component derived from mam- 
malian reticulocytes; 

b) a lipoprotein; 

c) a red blood cell component; 

d) a platelet component; and 

e) a white blood cell component thai is prepared from 
white blood cell analogs and is capable of exhibiting a 10 
five-part differential, upon analysis by a multiparameter 
hematology analysis instrument 

2. The control composition of claim 1, wherein said 
analogs are provided from human white blood cells, 

3. The control composition of claim 1, wherein said is 
analogs are provided from red blood cells. 

4. The control composition of claim 1, wherein said white 
blood cell component has been contacted with glutaralde- 
hydc. 

5. The control composition of claim 1, wherein said white 20 
blood cell component has been contacted with formalde- 
hyde. 

6. The control composition of claim wherein said white 
blood cell component has been contacted with a heterocyclic 
urea. ~ 25 

7. The control composition of claim 1, wherein said white 
blood cell component has been contacted with an alcohol. 

8. "Jhc conlrol composition of claim 1, whereiD said red 
bbod cell component comprises human red blood cells. 

9. The control composition of claim 1 , further comprising 30 
a nucleated red blood cell component. 

10. The conlrol composition of claim 1, wherein said 
platelet component comprise simulated platelets. 

11. The control composition of claim 1, further compris- 
ing a reticulated platelet component. 35 

12. The conlrol composition of claim U, wherein said 
reticulated platelet component comprises goat red blood 
cells. 
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13. A hematology control composition comprising: 

a) a stabilized reticulocyte component; 

b) a red blood cell component; 

c) a platelet component; and 

d) a fixed and stabilized white blood cell component 
capable of exhibiting a five-part differential, upon 
analysis by a multiparameter automated hematology 
analysis instrument. 

14. The control composition of claim 13, wherein said 
reticulocyte component is from blood of an anemic animal. 

15. The conlrol composition of claim 14, wherein said 
reticulocyte component is from blood of an anemic pig. 

16. The control composition of claim 14, wherein said 
reticulocyte component is from blood of an anemic goat. 

17. The control composition of claim 14, wherein said 
reticulocyte component is from blood of an anemic rabbit. 

18. The conlrol composition of claim 14, wherein said 
white blood cell component is from human white blood 
cells. 

19. The control composition of claim 14, where ia said 
white blood cell component is provided from red blood cells. 

20. A hematology control composition comprising: 

a) a stabilized reticulocyte component prepared from 
encapsulization of red blood cells with RNA; 

b) a red blood cell component; 

c) a platelet component; 

d) lipoprotein; and 

c) a white blood cell component that is prepared from 
human white blood cells and is capable of exhibiting a 
five-part differential, upon aualysis by a mulu parameter 
automated hematology analysis instrument that 
employs the Couller principle for cell analysis. 

* * ♦ * * 
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